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FOBTT-THIED CONGRESS, SECOND SESSION. 

CnNORKSS oir THE Unitkd Status, 

Im TUB House of BEPHESBNTtirvES, 

Febraarg 27, 1975. 

The folloviug reflolatioiii arigin sting in the House of RppreaeDtativeB, February 34, 
187t>, has thia day be«D ooDcaired in by the Senate: 

Betolrtd bji (A« Bouie of Sepreeentalirm, {the Senate oancuning,) That ten thonMod 
five hauilreti copies of Ihe report of the SniithBoniaD Institution for tlie vear 1874 be 
printed, two tliousuud copies of wbich sboll be for the use of the Honse ol Kepresenta- 
tives, one thonnaud for the une of the Senate, and aevcn tliousand five hnndred for th« 
use of the Inaticiitioti : Froridtd, Tliat the agf;n.>gate nainbcr of pa^M of said report 
ebsll not exceed four hundred and fifty, aud tliat there ebkll lie no iUustratioDB except 
those faruished by the SmUbsoiiiiui Instltalion. 

Atteat: 

nr>r%A ^^°- McPHEBSON, Clerlt. 
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LETTER 
SECRETARY OF THE SMITHSONIAN INSTITUTION. 

TRANBIlIITTINO 

Tht Awwai Beport of (ke Smithsonian Institution for the year 1874. 



Smithsonian Institdtion, 
Washington, January 26, 187S. 
Gentlemen : Id bebalf of tbe Board of Regents, I bave the booor to 
eabmtt to tbe Congress of tbe United States tbe annnal report of the 
operations, expenditnres, and condition of the Smitbsonian Institution 
for tbe year 1874. 

I have tbe honor to be, very respectfully, yonr obedient servant, 
JOSEPH BENBY, 
Secretary Smithsonian Institution. 
Hon. Hknrt Wilson, 

President of the Senate. 
Hod. J. G-. Blaine, 

speaker of the Souse of Bepresentatives. 
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ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION FOR 1871. 



This document contains : 

1. Theannaal report of tbe Secretary, giving an account of th6 opera* 
tioDS and condition of tbe establishment for tbe year 1874, witli tbe sta- 
tistics of collections, excbanges, niet«orology, &c. 

2. Tbe report of tbe execative committee, exbibiting the flnaocia) 
affairs of the Institution, including a Btatement of the Smithson fund, 
tbe receipts and expenditures for the year 1874, and the estimates for 
1875. 

3. The proceedings of the Board of Regents. 

4. A general appendix, consisting principally of reports of lectures, 
translations from foreign journals of articles not generally accessible, 
bat of interest to meteorologists, correspondents of the Institation, teach- 
ers, and others interested in tbe promotion of knowledge. 
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JOSEPH UENBV, Seoretory (or Director) of the Institution. 
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H. HAMLIN, member of the Senate of the United States. 

J. W. STEVENSON, member of the Senate of the United Statea. 

A. A. SABGENT, member of tbe Senate of the United States. 

S. 3. COX, member of tbe House of Representatives. 

E. R. HOAR, memtier of tbe House of Eepraeentatives. 

0. W. HAZELTON, member of the House of EepceaentaliTea. 

JOHN MACLEAN, citizen of New Jersey. 

PETER PARKER, citizen of Washington. 

ASA URAY, citizen of Unssacbusetts. 
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HENRY COPPEE, citizen of Pennsylrsnla. 

GEOEGE BANCKOFT, citizen of WasbioKtoD. 
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HENRY WILSON, Vice-President of the United States. 
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officebs asd assistants op the institomon and 

hationaij museum. 
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CLARENCE B. YOUNG, Book-liaper. 
HERMANN DIEBITSCH, Exchange Cleric 
JANE A. TUUNEE, Kwianje Cleric 
HAQGIE E. GRIFFIN, BtxordiMg Clerk. 
SOLOMON G. BROWN, TrtM^porUUion Clerk 



A8SISTA.NTB IN THR KATIONAL MUSRUM. 

F. M. Enduch, Mineralogist. 
Robert Bidgway, Ornithologist. 

G. B. GooDE, Zoologist 
JOSRPH Palmer, Taxidermist. 
T. W. Sbollie, Photographer. 
Joseph Hebron, Janitor. 



Bbsident Collaborators. 
Dr. Theodore Gill, General Zoology. 
Prof. P. B. Meek, Inrcrtebrate Pal^Bontology. 
Dr. B, UouEa, Mammalogy and Ornithology. 
W. n. Dall, Malacology. 
Prof. O. T. Mason, Ethnology, 
Prof. Edward Foreman, Ethmtogy. 



^d by Google 



REPORT OF THE SECRETARY, PROFESSOR HENRY, FOR THE 
YEAR 1874. 



To the Board of Begents of the Smithsonian Institution : 

Gentlemen: I have again the boDor to present to you another an* 
Doal report of the operations and conOition of tbe Institution wbich the 
Congress of tbe United States has placed under your charge. During 
tbe period embraced in this report, that of the year 1874, nothing has 
happened to interfere with the prosecution of tbe plans wbicb have been 
adopted for "the increase and diffusion of knowledge among men." 
The Institution, having now existed upward of twenty-flre years, has 
established a character and reputation in tbe eyes of tbe world, the 
tradition of which will tend to perpetnate the same policy, with only 
snch improvements as experience may suggest, uotwithstandiug tbe 
changes to which the pertoniiel of tbe administration may from time to 
time be subjected. 

Tbe following changes have taken place in tbe Board of Regents 
dnring the year : Ghiet-Jnstice Waite has been elected Chancellor of 
the Institution, in place of Chief-Justice Cbase, deceased. Prof. Asa 
Gray has been elected Begent by Congress in place of Prof. L. Agassiz; 
Prof. J. D. Dana, in place of Professor Woolsey ; Prof. H. Copi)ee, in 
place of William B. Aator; Hon. A. A. Sargent, in place of Hon. Mr. 
Trumbull ; Hon. E. B. Hoar, in place of Hon. James A. Garfield ; Hon. 
G. W. Hazelton, in place of Hon. I*. P. Poland; and Hon. George 
Bancroft, in place of General Sherman. Tbe change in the govern- 
ment of the District leaves vacant, for the present, the position of 
Begent occupied by the governor of the District. 

The resignation of General Sherman, on account of his change of res- 
idence to Saint Louis, Mo., leaves a vacancy in the executive committee. 
It gives me pleasure to present to the board, as an espression of his 
filings toward the Institution, the accompanying letter.* It is proper 
to mention in this counection that dnring the interval between the 
death of Chief-Jnstice Chase and the appointment of his snccessor, 
Mr. Justice Clifford, of the Supreme Conrt, presided as Cbancellor of the 
board, and with the Secretary signed tbe requisition for drawing the 
Bemi-Hunoal interest from tbe Treasury of the Cnited States on the 1st 
of January, 1874. 

SiDce the establishment of tbe lustitution several different beqaesta 
have been made, intended to increase its usefulness ; but from none of 
these baa anything as yet been realized, except from that of James 
Hamilton, Esq., of Carlisle, Pa., who bequeathed one thousand dollars 

* See proocediugB of the Board of KegeDto. 

. .iz...,CoogIc 
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to tbe Board of Begeots of the Smithsonian Institation, the interest to 
be appropriated biennially for a contribntion, paper, or lectare, on a 
scientific or nsefnl subject. The money from this bequest has been 
received and placed in the Treasury of the United States, in accordance 
with tbe law of Congress authorizing the Secretary of tbe Treasury to 
receive any money which tbe Board of Begents may obtain from gifta, 
or savings of income, on the same terms as those of the original bequest. 
The first instalment of interest of the Hamilton bequest has just been 
received, and wilt be appropriated iu accordance with the will of the tes- 
tator at tbe end of next year, and so on cootinnally at the end of every 
two years. A statement of tbe manner of expending this income will 
be given in tbe accounts of the operations of tbe Institution, with due 
credit to the donor. His name will therefore appear from time to time 
in tbe annual reports, and tbns be kept in perpetual remembrance. 

When tbe public shall become more familiar with tbe manner in 
which tbe income of the additional bequests to the Smitbson fDnd is ex- 
pended, with tbe permanence and security of the investment, and with 
the means thus afforded of advancing science, and of perpetuating the 
names of tbe testators, we doubt not that additions to tbe fund in this 
way will be made until it reaches tbe limit prescribed by law of one 
million dollars. 

Since the establishment of the Institution great change has taken 
place in the public mind as to tbe appreciation of tbe importance of ab- 
stract science as an element in the advance of mqdern civilization. At 
the time tbe bequest of Smitbson was made tbe distinction between 
original research and educational instruction in science and literature 
was scarcely recognized. As an evidence of this it may be stated that, 
in answer to a circular-letter addressed to a number of tbe most dis- 
tinguished writers in this country, asking what sboald be done with a 
fund intended to increase and diffuse knowledge among men, the unan- 
imous reply was, " Establish a national university ;" the idea of a uni- 
versity being at that time an institutiou simply intended to drill youth 
in tbe ancient classics, in the elements of mathematics and physical and 
moral science. Tbe idea of an institution iutended for the higher 
object of increasing knowledge, or enlarging tbe bounds of human 
thought by original research, had not dawned at that time upon the 
mind of tbe general public, and the plan proposed for realizing this 
idea was violently opiwsvd by some of tbe most iutetligeut and influ- 
ential men of the country. Happily, since then a great change has 
been effected both in this country and in Eoroiw, and to effect this 
change the persistent \w\k:y of the Institution has contributed in no 
inconsiderable degree. The idan adopts of applying tbe income as 
far as jKissible to tlie promotion of original research and the distribu- 
tion of a knowledge of tlie rosults tlirongh its publications, has receivnl 
tho approval of tho civlliwHl world. Tliti ("ongn'sa of tbe Unitctl States 
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has fally signified its appreciation of the plan adopted, by relieving the 
Institutiou from the support of a library and the National Husenm. 

Congresa hjiving made an appropriation of 130,000 for the support of 
the National Mnseam, almost the entire income of the Hmithaou bequest 
has been left free to carry on what is now considered the legitimate 
operations of the Institation. It was thought, however, desirable to re- 
tain a part of the income ia order to make op the loss of last year, oc- 
casioned by the failnre of the First National Bank of Washington. The 
whole amount of deposit iu this bank at the time mentioned was 
$8,224.87. On this the Institution has received 50 per cent., in two pay- 
ments, leaving a balance of $4,112.43. Toward making np this loss, the 
expenditure during the year has been less than the receipts by $3,683.31. 
The funds of the Institution are therefore in a favorable condition, as 
may be seen by the exhiliit hereafter to be presented. 

FINANOES. 

The following ia a statement of the condition of the funds at tie beginning 
of the year 1875 : 

The amonut originally received as the bequest of James 
SiDitbson, of England, deposited in the Treasury of the 
United States in accordance with the act of Congress of 
August 10, 1846 $515, 169 00 

The residuary legacy of Smithson, received in 1805, depos- 
ited in the Treasury of the United States, in accordance 
with the act of Congress of February 8, 1867 26, 210 63 

Total bequest of Smithson 541,379 63 

Amount deposited in the Treasury of the United States, 
as authorized by act of Congress of February 8, 1807, de- 
rived from savings of income and increase in value of 

investments 108, 620 37 

Amount received as the bequest of James Hamilton, of 
Carlisle, Pa., February 24, 1874 1,000 00 

Total permanent Smithson fund in the Treasury of 
the United States, bearing interest at 6 per cent., 

payable semi-annually in gold 661, 000 00 

In addition to the above there remains of the extra f^nd 
iVom savings, &c., iu Virginia bonds and certificates, 
viz: consolidated bonds, $58,700; deferred certificates, 
$29,375.07; fractional certificate, $50.13; total $38,125.20, 

now valued at. 35,000 00 

Cash balance in United States Treasury at the beginning 

of the year 1875 for current expenses 15,009 99 

Amount due from First National Bank, Washington, 
$4,112.43, (present value nnknown.) = ■. 

Total Smithson funds January, 1875. $701,909 99 
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On comparing this statement with that made last Jaoaary, it appeAra 
that the total amount of the fond has been increased daring the year 
$6,683.31, viz : 

By the Hamilton beqnest $1,000 00 

By the increased value of Virginia stoclE 2, 000 00 

By balance of unexpended aanoal income 3, 683 31 



to, 683 31 



The Board of Regents and the Secretary will in fature be relieved of 
all anxiety as to the safety of the semi-aDnnal interest by the arrange- 
ment which has been made with the United States Treasurer to receive 
it as a deposit, and to make payments from it on checks of the Secre- 
tary, in the same manner as has been done heretofore in the First Na- 
tioual Bank. 

The Institution is indebted to General Spinner for his prompt acqui- 
escence in the proposition and for immediately carrying it out in all the 
details necessary to facilitate its operation. 

Congress, at its last session, made an appropriation of $20,000 for the 
care and preservation of the specimens io the museum, and f 10,000 for 
fitting up apartments in which the specimens are exhibited. 

The uncollected coupons on the Yirgiuia hoods held by the Instita- 
tion were sold on the 9th of May, 1874, by Biggs & Co., with the fol- 
lowing result: 

$1,200 Virginia coupons at 77J - $92.1 50 

•2,322 Virginia coupons at 77 1, 787 94 

2, 713 44 
Less charges 17 61 



$2, 695 83 
This amount was deposited with the Trensurer of the United States 
to the credit of the account of the current expenses of the Institution for 
the year. 

FDBLIOATIONB. 

Since the reports of the Institution are separately distributed to many 
I>er8onB who have not ready access to the whole series, it is necessary 
in each succeeding one to repeat certain facts which may serve to give 
an idea of the general organization of the establishment. The following 
statement is theretbre r6i>eated : 

The publications of the Institution are of three classes, viz, the Gon- 
TBiBUTiONS to Knowledou, the HiscBixAKEOUS Collections, and 
the AnnT'AL Bepoets. The first consist of memoirs containing positive 
additions to science resting on original research, and which are gener- 
ally the result of investigations to which the Institution has, in some 
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wfiy, rendered assiBtance. The Miacellaneoas OoIlectioDS are composed 
of works intended to facilitate the stndy of branches of natural histoid', 
meteorology, &o., and are designed especially to indnce indiridnals to 
engage in these stndies as specialties. The Annaal Beports, besides an 
account of the operations, expenditures, and condition of the Institu- 
tion, contain tranaUtioos from works not generally accessible to Amer- 
ican students, reports of lectures, extracts from correspondence, && 

The following are the rules which have been adopted for the distriba- 
tion of the several publications of the lustitntion: 

Ist. They are presented to learned societies of the first class which in 
return giro complete series of their publications to the Institution. 

2d. To libraries of the first class which give in exchange their cata> 
logues and other publications, or an eqaivalent from their duplicnte 
volumes. 

3d. To colleges of the first class which furnish catalogues of their 
libraries and of their students, and all other publications relative to 
their organization and history. 

4th. To States and Territories, provided they give in return copies of 
all documents published under their authority. 

5th. To public libraries in this country, containing 15,000 volnmes, 
especially if no other copies are given in the same place ; and to smaller 
libraries where a large district would be otherwise unsupplied. 

6th. To institutions devoted exclusively to the promotion of particu- 
lar branches of knowledge are given such Smithsonian publications as 
relate to their respective objects. 

7th. The Annual Beports are presented to the meteorological ob- 
servers, to coDtribators of valuable material to the library or collectiouS| 
and to persons engaged in special scientific research. 

The distribution of the publications of the Institution is a matter 
which requires much care and judicious selection, the great object being 
to make known to the world the truths which may result from the ex- 
penditure of the Smithson fund. For this purpose the principal class 
of publications, namely, the Contributions, must be so distributed as to 
be accessible to the greatest number of readers, and this will evidently 
be to large central libraries. 

The volumes of Contributions are presented on the express condition 
that, while they are carefully preserved, they shall be accessible at all 
tjmes to students and others who may desire to consult them, and be 
returned to the Institution in case the establishments to which they are 
presented at any time cease to exist. These works, it most be recol- 
lected, are not of a popular character, hot require profound study to 
ftilly anderstand them; they are, however, of importance to the pro- 
fessional teacher and the popular expounder of science. They contain 
materials from which general treatises on special subjects may be elubo* 
rated. 



^d by Google 



12 BEPOKT OP THE 8ECEETABT. 

Fall Bete of the publications canoot be giren to all who apply for them, 
since this is impossible with the limited iucome of the iDstitation ; and, 
indeed, if cAq be not exercised in the distribution, so large a portion of 
the income would be aDoaally expended on the production of copies for 
distribution of what has already been published, that uotbiug farther 
could be doneia the way of new publications. It must be recollected that 
every addition to the list of distribution not only involves the giviug of 
publications that have already been made, but also those which are to 
be made hereafter. 

At the commencement of the operations of the Institution the publi- 
cations were not stereotyped, and consequently the earlier volumes have 
now become scarce, especially the first, of which there are now no copies 
for distribution, although it can occasionally be obtained at a second- 
band book-store in one of the larger cities. 

No copyright has ever l>een secured on any of the publications of the 
Institution. They are left free to be used by compilers of books, with 
the understandiug, however, that full credit will be given to the name 
of Smithson for any extracts which may be m^de from them. This 
condition is especially insisted on, because the credit thus required is 
important as evidence to the world of the proper mauagement of the 
Smithson fand. In many cases credit is given merely to the author 
without mentioning the name of the Institution; this is not just, since, 
as a general rule, the income of the establishment is applied not only to 
the publication of the article but also to assist in its production. 

Publicatiotu in 1874. — During the past year the nineteenth volnme of 
tbe quarto series of the Smithsonian Contributions to Knowledge has 
been published. It contains tbe following pai>ers: 

1. Problems of Botary Motion presented by tbe Gyroscope, the Pre- 
cession of the Equinoxes, and tbe Pendulum. By Brevet Maj. Gen. J. 
G. Barnard. 4to., pp. 71. 

2. A Contribution to the History of the Fresh- Water Algte of North 
America. By Horatio C. Wood, jr., M. D,, professor of botany and 
clinical lecturer on diseases of tbe nervous system in the University of 
Pennsylvania. 4to., pp. 274, 21 colored plates. 

3. An Investigation of tbeOrbitof Oranus, with General Tables on its 
Motion. By Simon Newcomb, professor of mathematics. United States 
Navy. 4to., pp. 290. 

This volume, of which the several memoirs have been described in 
previous reports, will not only sustain, bat increase the reputation of 
tbe lustitation for its contributions to the science of the day. The me- 
moirs which it contains have been received ^ith manifest interest by 
the scientific world, and recognized as positive additions to linowledge 
resting on origiuul investigation. 

Besides the niLoteeuth volume of the Contributions to Knowledge, 
the elci-eniii and tucclfth volumes of Miscellaneous Collections have been 
published during the year. 

DMzed.^GoOglC 
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The eleventh volume of Miscellaneoaa Collections consists of 789 
octavo pages, and contains the following articles : 

1. ArraDgemeot of the Familiea of Mammals, with Analytical Tables. 
Prepared for tlie Smithsonian Institution by Theodore Gill, M. D., Ph. D., 
pp. 104. 

2. Arraagement of the Families of Fishes, or classes Pisces, Marsi|M>> 
brancbii, aod Leptocardii. Prepared for the Smithsoniao Institatiou by 
Theodore Gill, M. D., Ph. D., pp. 96. 

3. Monographs of the Diptera of North America; Part III, Ort^lids 
Family. Prepared for the Smithsonian Institution by H. Loew ; foar 
plates, pp. 376. 

'1. Directions for collecting and preserving Insects. Prepared for the 
nse of the Smithsonian Institution by A. 8. Packard, jr., M. D., pp. CO. 

5. New Species of North American Coleoptera. Prepared for the 
Smithsonian Institatiou by John L. LeGonte, M. D. ; Part II, pp. 74. 

6. Classification of the Coleoptera of North America. Prepared for 
the Smithsonian lustitntion by John L. LeConte, M. D., pp. 72. 

The twelfth volnme of Miscellaneons Collections consists of 767 octavo 
pages, and contains the following articles : 

1. Review of American Birds, in the Museum of the Smithsonian 
Institution ; Part I. By S. F. Baird, 1864-1872, pp. 484. 

2. The Constants of Nature; Parti. Specific Gravities ; Boiling and 
Melting Points; and Chemical Formnlse. Compiled by F. Wigglesworth 
Clarfee, S. B. December, 1873, pp. 272. 

3. Bales for the Telegraphic Annonncements of Astronomical Discov- 
eries. By Pro£ Joseph Henry. April, 1873, pp. 4. 

Since the publication of the 19th volnmeof Smithsonian Contributions, 
a memoir, of 32 qnarto pages, has been printed aud distribated, which 
will form part of the 20th volume. This is by Prof. S. Newcomb, of the 
National Observatory, Washington, on the " General Integrals of Plan- 
etary' Motion" — an abstruse mathematical work, of which the nature is 
indicated in its title. It gives a series of suggestions and new investi- 
gations relative to the methods of determining the motions of celestial 
bodies as affected by interplanetary perturbations. It is in part an ex- 
tension and generalization of two former papers by the same aathor, 
the first published in Lionville's Jonrnal, vol. XVI, 1871, and the second 
in the Comptes-Bendns, vol. LXXV. It was submitted to Prof H. A. 
Newton, of Yale College, and Mr. G. W. Hill, of Nyack, N. Y., for criti- 
cal examination, and received their aDqiiallUed approval for publication 
in the Smithsonian Contributions to Knowledge. 

Another paper, intended for the twentieth volume of Contributions, 
which has i>een printed and distribated during the past year, is by 
James G. Swan, on the Haidab Indians of Queen Charlotte Islands. 
It consists of 18 qaarto pages, and is illustrated with five pi ain and two 
colored plates, to represent the carved posts or pillars raised in front of 
the booses of the cbie&, and various tattoo designs copied from the 
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bodies of the ludiana. This paper was described in the last report. It 
may, however, be bere mentioned that it ia of special interest in connec- 
ttou with the large namber of ethnological sjiecimens received dnrlng 
the past year from the northwest coast. 

Another work pablished during the year is tbe third of the Tonep 
lecture senes. It is by Dr. J. M. DaOosta, of Philadelphia, on the strain 
and over-actioD of the heart, and forms 32 octavo pages, illnstrated by two 
wood-cats. These lectures, as has been stated in previous reports, have 
been instituted at Washington by Dr. Joseph M. Toner, and arecoofined 
to saoh memoirs or essays relative to medical science as contain some 
new truth fully established by experiment or observation. It ia proper 
to remark that of this coarse of lectures only two have been published, 
tbe first and tbe third, the author having not yet furnished tbe mana- 
Bcript of the second. To defray, in part at least, the cost of pnuting 
these lectures, it has been thought advisable to charge for tbem 25 cents 
a copy to individuals who have no special claim on the Institution by 
having contributed meteorological observations or additions to the col- 
lections. 

Another work printed daring the year is a list of the pnblications of 
the Institution to July, 1871, exhibiting 297 distinct articles, arranged 
first numerically, and secondly in regard to the subjects as given in the 
titles. It forms an octavo of 20 pages. An edition of 2,500 copies of 
this work was furnished to the " Publishers' Trade-List Annual " for 
1874, (Sew York, October, 1874,) and through this medium the list of 
publications of the Institution will become known to all booksellers and 
librarians in the United States. 

An edition of 250 eoptes of table-a selected from the volume of Physi- 
cal and Meteorological Tables, prepared and published some years since 
at the expense of the Institution, has been printed for the use of the 
Argentine Meteorological Observatory at Cordoba, under the direction 
of our distinguished countryman. Dr. B. A. Gould. 

Publication* in t&e press: 1. The Antiqnitiee of Tennessee, by Dr. 
Joseph Jones, of which an account was given in the last report. Of 
this the wood-cuts have been prepared, and it is expected that the 
printing will be finished in the course of the present year. 

2. A Memoir on the Harmouies of the Solar System, by Prof. Stephen 
Alexander, of the College of New Jersey. 

In this communication the author divides his subject into three sections. 
Section I begins with the statement that Kepler's third law is ordinarily 
expressed by saying that the squares of the perio<lic times of the sev- 
eral planets of the solar system are to one another, respectively, as the 
cubes of their distances from the sun; bnt Trom this we do not learn 
that there are any laws determining the ratios of the distances them- 
selves, and it is one of the main objects of the present discussion to 
show that such laws exist, and precisely what they are; generality and 
precision being characteristics of every law of nature. 
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The aatbor discosses anew the expressed ralaes of the distaaces in 
question, ia view of the fact that Eeplet's third law is itself slightly 
modified by the consideration due to the maases of the revolving bodies. 
After an exhibition and discussion of the apprupriate formula, the 
aatboi arranges the results in the form of a table ; in which the results 
thns showQ are lespectively coDsisteut with two values of the solar 
parallax, viz, Professor Newcomb's value, x = 8".84S, aud that wbich 
others prefer, tt = 8".78. 

Section II exhibits the laws of arrangement of the distances, both of 
planets and their satellites, from their respective centers of attraction, 
without the introduction in the same connection of any physical hy- 
pothesis on which those laws seem to be founded or of which they are 
the exponents. 

J'^rom a comparison of the several distances of the planets, taking five- 
ninths of the distance of Neptune from the center of attraction and fire* 
ninths of this product, &C., he finds among the several terms of the 
geometrical series thus formed, those which represent the relative dis- 
tance of Saturn and Jnpiter, also a position among the asteroids and 
those which represent the distance of Mars, and of Mercury in aphelion. 
There are, however, in the geometrical series just mentioned, tcrma 
which do not find their correspondences in the series of distances of the 
planets, but which the author very ingenionsly supplies by attributing 
to certain of the planets the characteristic of half planets, the term 
pertaining to them being indictttive of the distance between the two 
planets at which their masses would be united. 

Section III exhibits an explanation of the phenomena founded on the 
nebular hypothesis of La Place, which seems to reconcile and account 
for the laws in question as well as a number of other phenomena. 

Approximation to these laws have, from time to time, been exhibited 
by the author of this paper to the American Association for the Advance- 
ment of Science at several of its meetings, beginning with that at 
New Haven, in 1850; bnt it is only within the past few months that the 
entire form and consistency of the results have been quite fully made out 
The principal part of the memoir was read before the National Acad- 
emy of Sciences at its meeting in April, 1873, and some additional por- 
tions of the same at the meeting in April, 1874. In accordance with 
nsage in such cases, the work was accepted for publication in the 
Smithsonian Contributions to Knowledge. 

3. The Winds of the Globe, by the late Prof. J. H. Coffin, prepared at 
the expense of the Institution, relative to which further information will 
be given under the head of meteorology. Of this, 250 quarto pnges 
have been stereotyped, and the whole work, which will form an entire 
volume of the'Smithsonian Contributions to Knowledge, will be published 
during the year 1875. 

4. The Temperature-Tables of the North American Continent, prepared 
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at tbe expense of the lostitatioo, aoder the direotioii of Mr. G. A. Schott. 
Of tbla, 100 imges have been stereotyped. 

Of the octavo publications there are in press : 

1. The monograph on the American Vetpidm or wasps, by Professor 
do Saussore, of Geneva. Of this a fuU acconot was giveu in the last 
report. The rapidity of prioting Id this case U diminished by the neces- 
sity of sending the proof-sheets to Switzerland. The work has been 
stereotyped as far as. the 236tb page, and we trust will be completed in 
the course of a few mouths. 

The Botanical Index, of which a notice was given in the Report for 
1S70, has been commenced, and 72 pages printed. This work is a com- 
plete iudex to all the species of plants of North America, with their 
synonyms, and all descriptions and important references to them. It is 
intended to facilitate the labors of working botanists, especially in the 
study of our western plants, the search for what has been written in 
regard to them requiring in many cases neaily as much time and labor 
as all the rest of their work. 

As a further contribution to the "Constants of Nature" mentioned in 
the last report. Prof. F. W. Clarke has furnished an additional series of 
tables of specific beat and of expansion by heat for solids and liquids. 
We have also received from our collaborator, Prof. John L. LeConte, of 
the University of California, a series of constants relative to the weight 
of air, pressure of the atmosphere, length of seconds, pendnlum-velocity 
generated by gravity in a mean solar second of time at various places, 
velocity of sound, &c It is the intention of the Institution to coutinae 
this work, and to endeavor to enlist other co-laborers in its prosecution. 

BE3EAB0HE8. 

Meteorologp. — It was stated in the last report that the meteorological 
system of records by voluntary observers, which bod been in operation 
under the direction of the Institntion for about twenty-five years, had 
been trnnsferred to the signal-office of the War Department, under Gen- 
eral A. J. Myer. This transfer was made in accordance with the general 
policy of the Institntion, namely, that of abandoning any field of enter- 
prise as soon as the work conld be done as well through other agencies, 
thus reserving the energy of the establishment for labors which required 
more aid in their accomplishment. We think this transfer has received 
tho approbation of observers generally ; who also, while they are now 
co-operating with the Signal-Service, still keep up their correspondence 
with the Institution on sulyectfi of general scieutitlc interest. The 
labors of the Institution in the line of meteorology are now confined 
to working up the material which it has collected during the last 
quarter of a century. The materials, however, are not limited to that 
period, but embrace everything that could be obtained on thesulyect 
from the records of previous observers. 
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The first work of this class which has been poblished is that of the 
the Raiu-fall. It iuclnded all the material which had been collfcted 
down to 1866. It is now proposed to publish a uew edition of this 
work, containing the additions since made, with improved maps, on a 
larger scale. 

the next work of the same class is that on the Winds of the Globe, 
comprising the resalt of the discassion of not only the observations 
made nnder the direction of the Smithsonian Institution in the United 
States, but of those of every other part of the world of which the records 
were attainable. This work, to which the labors of Prof. J. E. Coffin, of 
Lafayette College, were for many years devoted, was nearly completed 
at the time of his death, has been continued by his son, Prof. Seldea 
J. Coffin, and is now in the press. Very little, however, was done by 
the elder Coffin in the way of stating, in general propositions, the results 
contained in the large number of tables which he baH elaborated. To 
supply this deQcieocy the Institntiua has fortunately been enabled to 
avail itself of the assistance of Dr. A. Woeikof, member of the Geo- 
grapbica) Society of Bussia, and late secretary of its meteorological 
commission, who, visiting this country for the study of its climatology, 
cheerfully undertook the required task. 

The printing of this work is very expensive. It will occupy an entire 
volume of the Smithsonian Contributions, and comprise upward of 600 
quarto pages of tabular matter, besides the letter-press. It will, how- 
ever, we are confident, form a contribution to knowledge which will 
be a lasting monnment to the industry of Professor Coffin and to the 
policy of the Smithsonian Institution. 

The next work of the same class is that on the Temperature of the 
United Skates. It has been in progress at the expense of tbe Institu- 
tion for a number of years. It includes the result of the discussion of 
all tbe observations which have beeu made in this conutry from the 
earliest times down to tbe present. It is illustrated by three maps of 
isothermal spaces — one exhibiting the annual, another the summer, and 
the third the winter distribution of temperature — and a number of 
diagrams incorporated in the text. It has been from the first under 
the direction of Prof. Charles A. Scfaott, of the Coast Survey, assisted 
by » number of computers, at the expense of tbe Smithson fund. The 
maps have been drawn and are in the hands of tbe engraver, and tlie 
whole work will be printed aud distributed during the present year. It 
will form the first trustworthy approximation to an exhibition of I he 
temperature of tbe various portions of the United States which has evi r 
been pubUshed. The preparation of it has beeu more expensive tbcu 
any other woilc ever undertaken by the Institution. 

Another work in progress is that relative to the geographical distri- 
bution in the United States of thunder-storms, the frequency of their 
occurrence in differeut seasons, aud eCfects produced by discbarges of 
lightning, as compiled from all the rt-cords of the Institution during 
2 s 
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t;7eaty-flv'e yeare. The preliminaiy labor was the collection and arrange- 
men t of a fall list of stations at which thunder-storms have been recorded, 
the onmbei of pbservatioiiB at each place, the time of beginQlng and 
endiag of each storm, and the whole namber of tbnnder-storms occnr- 
ring in each year, and daring the whole time at each place. From these 
data the relative frequency of thnnder-storms in different parts of the 
country can be determined ; also their relative freqaency in different 
seasons and years, as well as the extent of the area over which they 
occnr on the same day. The attending casualties, collected from all the 
observations made by several hundred observers during a period of 
twenty-flve years, when bronght together and classified, will strikingly 
illustrate the operations of one of the most energetic agents of nature. 

For the preliminary arrangement of the laaterials preparatory to 
scientific deductions from them, the Institution has employed Mr. Oeorfe 
H. Boehmer. 

Another aeries of reductions relative to the meteorology of iNorth 
America which will occupy the attention of the Institution is that of 
the discussion of the observations on the barometer in various parts of 
the United States. This will be commenced as soon as the other series 
of investigations are oompleted. 

Comets, — The first research relative to these I have to mention Is that 
relative to a comet of short period or one that returns after a few years. 
Of these, there are at present six known, namely, Encke's, which has a 
period of about 3J years; Winnecke's, of between Sand 6 years; Biela's, 
of 03 years; Faye'8,of iJyearB; Tuttie's, of 13^ years; and Halley's, of 
about 76 years. 

All the other comets which have entered the solar system have never 
been known to return, their orbits having probably, in many cases, 
been changed by the perturbations of planets iu whose vicinity they 
may have passed. 

The motion of the periodical comets is an object of great interest to 
the astronomer, as well as to the general physicist, in its relation to 
the question of tbe existence of a retarding medium filling interplan- 
etary spaces, and therefore it is considered an object of much importance, 
not only to observe their snccessive positions at tbeir periodic returns, 
bat also to calculate with great precision their orbits as affected by 
planetary iwrtarbations. At a meeting of European astronomers in 
August, 1S73, the work of discussing all the observations which have 
bsen made on four of these comets was parceled out among the conti- 
nental astronomers, fluUey's comet having previously received great 
attention from the English and other astronomers ; and the fifth, that 
of Tnttle, discovered by an American astrouomer, was left to be worked 
out in this country. This task, has beou undertaken at the expense of 
the Smithsonian Institution, under the direction of Prof. Ormond Stone, 
late of the National Observatory, and uow profeasw of astronomy in tbe 



^d by Google 



REPORT OP THE SECRETARY. 19 

tToiversity of ChicinDatL Professor Stone bas choseo for tbis work a 
DQtnber of aseiBtauts, and will proceed wilh tbe redactioo and discussion 
of the observatioas made oo this comet at its several rotonis aa rapidly 
as bia other labors will permit. 

Tbe perturbations of tbe first order have been calculated, and tbe zero 
stars used in determining tbe place of tbe comet at tbe time of its last 
retnrti in 1871 have lieen re-observed with tbe Wasbingtoo meridian 
circle. Aa accarate determination of tbe orbit traversed by this comet 
in 1871, as based on tbe corrected positioQ of tbesu stars, bas been in 
part completed. 

In this counectioQ it may be interesting to state that of the one hundred 
and forty" asteroids discovered during this century, forty -two were first 
observed by American astronomers. It is not eoougfa, however, that 
these bodies should be noted as planets, and their positions marked in 
the faeavens for a given epoch; it is also necessary that tbeir orbits 
shonld be accurately determined, and an ephemeris of each of them cal- 
cnlated by which its place can be ascertained at any future time. This 
work, however, is one, as it were, of approximation, and must be con- 
tinued through a series of revolutions of each planet. In regard to the 
asteroids discovered in Europe, tbe investigation of them is under the 
charge of European astronomers ; while for tbe investigation of those 
discovered in America, Congress has made an appropriation for the last 
three years, to be expended under the direction of Professor Coffin, 
director of the American Nantical Almanac. 

Efficiency of ateam-heatera. — Another investigation, at the partial ex- 
pense of the Smithsonian Institution, bas been undertaken under tbe 
direction of General W. B. Franklin, late of tbe United States Army, 
at the Colt's Fire-Arms Manufacturing Company, Harttbrd, Conn., by 
Mr. C. B. Bichards, of which the following is an account: 

The experiments which are proposed will be in continnatiou of two 
series already made, to ascertain the relative efficiency of the different 
kinds of steam-heators used for warming buildings, and to determine 
also the laws of their operation. The first series related to what are 
known aa " direct radiators," and in these the heaters were exposed in a 
large room whose temperature conld be changed and regulated asdesired. 
In tbe second series the henters were of tbe kind called " indirect radi- 
ators," and wore inclosed in a flue through which currents of air were 
passed. The initial and final temperatures, the barometric pressure, 
and themoistureof tbe air were noted, and tbe quantity passed throngh 
the fine was measured by a Casella meter. 

In both series the pressure of tbe steam was measured by an accurate 
mercury column, and its temperature was noted, while the hoatingefiect 
of the heater was calculated fVom date obtaiued by collecting, cooling, 
and weighing the water of condensation obtained from tbe steam which 
was passed through the beater. 

*8iD0o the above wu written two odditiooftl asWtoids have been dUcoveiod. 
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Very satisfactory and consistent results were arrived at from the 6rst 
Beries. But iu tbe second series, the cost of tlie apparatas, tbe many 
different circnmstances which it was necessary to take into accoant, 
tlie conseiiuent greater care and time required in the investigation, and 
a lack of money with which to pursne the inqniry to the proper point, 
prevented the establish ment of trustworthy data. 

Tbe importance of deciding the questions which it is the specific ob- 
ject of these experiments to answer need not be nrged. There is, how- 
ever, one interesting circnmstance which, among others, was observed, 
and which may be of importance outside the principal qaestiou. This 
relates to the determination of the condition of the steam as regards 
its dryness when it entered the heating apparatus; and, as a small 
quantity of steam was occasionally allowed to escape after it bad passed 
through the beater, (in order to carry off air,] it was also desirable to 
ascertain whether any very considerable amount of water, iu the condi- 
tion of mist, was carried away by this escaping steam. 

Hirn's mctiiod was employed in these determinations. Although the 
apparatus for this purpose was crude, and for precise experiments wonld 
require to be much improved, the experiments seemed to indicate clearly 
that the steam was nearly if not quite as dry, after passing over the 
condensing surface of the heat«r, as before ; that is to say, its " misti- 
ness " was not increased by its passage over a large extent of coudeosiDit 
surface- These results, if fully verified by a longer series of experi- 
ments with better apparatus, would indicate that tfaere is a fallacy in 
tbe generally-eotertained idea that "wet steam" is supplied to an 
engine if the originally dry steam is led through a long pipe. 

The records of tbe experiments are voluiniuons, and it is intended to 
tabulate them, and to represout the results by carves when the whole 
are completed. 

Elevaiioiu. — It has been mentioned in previous reports that the In- 
stitution bus been at considerable expense iu collecting the profiles of 
canal, railroad, and other surveys, in order to tbe construction of a to- 
pographical map of the United States. The charge of this work was 
given to Mr. Nicholson, topographer to the Post-Offlce Department, but, 
owing to the absorbing nature of bis official ilnties, he has been unable 
np to this time to complete it. In the mean while Mr. Gardner, of the 
Hayden expedition, has rendered an important service to this investiga- 
tion by settling, tbrongh critical comparison of various surveys, the actual 
Jieight of several important places in the interior, which will hereafter 
serve as points of departure for other surveys. 

li^atural History and Ethnology. — Various researches have been made 
in natural history and ethnology, tbe astual expense of which has 
beeu defrayed by the Institution, without salary, however, to the person 
.in charge of the work ; an account of which will be given iu a snbse- 
quent part of the report. 
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INTERNATIOKAL ESCnANOES. 

The SmitbsoDian system of interoational excbaoge still ooDtinues to 
render an important service to the advance of civilization, and emphat- 
ically to carry out the second clause of the will of Smithson for the in- 
crease and diffusion of knowledge ninong men — that is, mankind. It is 
the medintu of exchange of literary and scientitic materials between the 
United States and all foreign countries. 

The effect of this system on the diffusion of knowledge can scarcely 
be too highly estimated. Thousands of works, contaiuiifg the details of 
the latest inventions and discoveries, are through its means annually 
brought to this country, while a knowledge through the same medium 
is disseminated abroad of everything that is doing in the United States 
to promote a higher civilization. 

As an evidence of the high estimation in which this part of the opera- 
tions of the Institution is regarded, we may again mention that the 
Smithsonian packages are passed through all the custom-houses of the 
world free of duty and without examination, and, moreover, that they 
are transmitted free of cost by the principal transportation companies, 
namely : 



Hamburg American Packet Com- 
pany. 

French Transatlantic Company. 

North Baltic Lloyd Steamship 
Company. 

Inman Steamship Company. 

Cunard Steamship Company. 

Anchor Steamship Company. 



Pacific Mail Steamship Company. 
Panama Railroad Company. 
Pacific Steam Navigation Com- 
pany. 
New York and Mexico Steamship 

Company. 
New York and Brazil Steamship 

Company. 
North German Lloyd Steamship 

Uompnuy. 

The special thanks of the Institution are again due to the above-men- 
tioned companies for their enlightened liberality. 

The followiug are the foreign centers of reception and distribution of 
the Smithsonian exchanges: 

Loudon — Agent, William Wesley, 28 Esses street. Strand. 

Paris — O. Bossange, 16 rue du 4 Septembre. 

I^iipsic — Dr. Felix Fliigel, 12 Sidouieu Strnsse. 

St. Petersburg — L. Watkius & Co., 10 Admiralty Place. 

Amsterdam — F. Miiller. . 

SJilan — n. Hoepli, 591 Galeria Cristoforia. 

Harlem — Prof. Baumhauer. 

Cbristiaua — Boyal University of Norway. 

Stockholm — Boyal Swedish Academy of Sciences. 

Copenhagen — Boyal Danish Society. 

The followiug table exhibits the number of foreign establishments 
with which the Institution is at present in correspondence, or, in other 
words, to which it sends publications and from which it receives others 
la return : 
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Nwnber of I^rdgn Corre^onding Institutions, 

Snedeu 

Norway 

Icelaod 

Deiimark 

Busaia 

Holland 

Germany.. . 

Turkey ■.. 

AfWca 

Aula 

Australia 

New Zealand 

Polylieaia . 

Switzerland 



Italy ,....:.... 

Portagal 

Spain 

Great Britain and Ireland.. 

Soatb America 

Weet Indies 

Hex.ico 

Central America 

British America 

General 



Total.. 



Tbe table in itself is iuterestiDg as iutlicating tbe relative atteution 
giveD to literatare and Bcieoce at the present day in tbe difiereot conn- 
tries of tbe world. 

Daring the past year 4,326 packages, each containing several articles, 
have been received from abroad for distribution to iustitntious and 
individnals in this country. 

One hundred and forty-one boxes, aren^ng 7 cnbic feet eacb, with a 
total weight of 29,600 pounds, were sent abroad by the Institution dar- 
ing tbe year, viz : To Germany, 40 ; EDgland,30j Swedeii,5; Norway, 
3; Denmark and Iceland, 4; France, It; BoGsia, 7; Holland, 5; Bel- 
gium, 6; Australia, 11; Italy, 3 j Cuba, 2; Brazil, 3 ; Liberia, 1 ; Egypt, 
1 ; Canada, 10. 

The total number of separate parcels contained in these boxes was 
about 10,000. 

To &cilitate the business of the exchanges, the following rules have 
been adopted : 

1. Every package, without exception, most be enveloped in strong 
paper, and secured so as to bear separate transportation by express or 
otherwise. 

2. The address of the institution or individual, for whom the package 
is intended, must be written legibly on the cover, and tbe name of the 
sender on one corner of tbe same. 

3. No single package must exceed tbe half of a cubic foot in bulk. 

4. A detailed list of addresses of all tbe parcels sent, with their con- 
tents, must accompany them. 

5. No letter or other comihuuication can be allowed in the parcel, 
excepting sncb as relates exclusively to tbe contents of tbe package. 

6. All packages must be delivered in Washington free of freight and 
other expenses. 

7. Every parcel should contain a blank acknowledgment, to be signed 
and returned, either through the agent of tbe Institution, or, what is 
still better, through the mail, to the sender. Should exchanges be de- 
sired for what is sent, tbe fact should be explicitly stated on the list of 
the contents of the package. Much disappointment is frequently ex- 
pressed at tbe absence of any return in kind for transmissions ; but un- 
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less these are specifically asked for tbey will fail in many instances to 
l>e made. It will focilitate tbe labors of the InatitutioD very greatly if 
the Dnmber convspondiug to the several addresses in tbe SmitbBonian 
printed catalogae* be marked on tbe face of each parcel ; and for this 
purpose a copy of the catalogae will be forwarded to all who apply for it. 

Specimens of natural history will not be received for transmission un- 
less with a previoDB anderstanding as to their character and bulk. 

8. Unless all these conditioos are complied with tbe parcels will not 
be forwarded from the Institution ; and, on the failure to comply with 
tbe first and second conditions, will be retamed to tbe aeuder for cor- 
rection. 

The Dperatione of the system of exchange have increased from year 
to year, aud notwitbstanding tbe liberal assistance received from trans- 
portation companies, it now absorbs nearly a seventfa part of the entire 
Income of the establiabmeut. In order to improve its efificiency and tbe 
frequency of transmission of packages, a larger proportion of the income 
will be required. In view of tbese facts, the Secretary at the Inst aesaion 
of the Board of Regents was antborized to receive aid from societies 
and individuals in defraying tbe heavy expense of this part of the oper- 
ations of tbe Institution. 

Miss Jane Turner, sister of the late Prof. W. W. Turner, the well- 
known philologist, continues to have charge of receiving and cata- 
loguing the exchanges intended for the library of tbelnatitation, and of 
distributing those for other parties. 

Tbe receiving, packing, and sbippiug of the packages frum different 
{>art8 of the United States intended for foreign countries, la under the 
charge of Mr. H. Diehitach. 



In 1860, the library of the Institution was incorporated with that 
of Congress. This arrangement is still continued, and is beneficial to 
both establishments. The Smitbson fnnd is relieved from tbe mainte- 
nance of a separate library, while at tbe same time the Institation 
has the use not only of its own books but of those of tbe Library of Gou* 
gresa. On the other band, the Library of Congress is enriched by an 
entire department, that of books relating to modem science. 

The following is a statement of tbe hooka, maps, and charts received 
by exchange io 1874: 
Volumes : 

Octavo, or less 657 

Quarto, or larger 206 



863 



'MiscellaneoiiBCollectioDB, Ko.843. 
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Parts of voluiaes: 

Octavo, or less 1,007 

Quaito, or larger 1,359 

2.966 

Pamphlets: 

Octavo, or less 1,962 

QoartOfOr larger 693 

1,535 

Maps and charts 162 

Total receipts 6, 546 

Among the principal dooatioDs received ia 1374, are the following : 

From the Compaoy of Public Works of the Alediterranean : "Bassins 
de Badoab de Marseille. Notice &ar Pezikiution dea travaox," -with au 
atlas of 40 plates, (2 copies.) 

From the Argentine Confederation : *' Description g^ographique et 
statistiquti de la Gonf^dt^ration Argentine, par V. de Moussy," vols, i-iii, 
with folio atlas. 

From the National Hungarian Museum, Buda-Pesth: "Monuments 
^pigraphiqnes du Mns^e National Hongrois, dessin^s par Ernest Des- 
jardius," 1 vol., folio, Buda-Pesth, 1873. 

From the Imperial Archseologlcal Commission, St. Petersburg: 
"Compt«-reDdu de la Commission Imii^riale Archtologique," for 1370 and 
1S71, with folio atlas. 

From the Icelandic Literary Society, "Eeykjavik Skirnir," 1874: 
" Skyrela um Forugripasafu Islands i Eeykjavik," vols, i, ii, 18C3-1870. 
Copenhagen, 18C8, 1874. "Fyetlir fra Islandi," 1873. Eeykjavik, 
1874, 8vo. 

From the Universities of Berlin, Bonn, Eriangen, Freiberg, Giittin- 
gen, GreifswalO, Halle, Jena, Leipzig, Marburg, Eostock, Wiirzburg, 
Basel, Bern, and Zurich : Inaugural Dissertations for 1873. 

From the Hydrographic Department of the Ministry of Marine, St. 
Petersburg; 23 charts, 10 volumes, and 6 pamphlets. 

From the Veterinary School, Dorpat, 48 pamphlets. 

From the British Museum, Loudon, "Catalogue of Greek Coins, 
Italy," 1873, 8vo.; " Catalogue of Eoman Coins in the British Museum, 
Eoman Medatlious," 1874, 4to.; "Catalogue of Priuts anil Drawings," 
Division I. "Political and Political Satires," vol. ii., 1869-1873, 8vo.; 
" Fae-similes of Ancient Characters," 1873, folio ; " Catalogue of Birds," 
vol. i, 1874, 8V0.J " Hand-Listof Seals, MorBes, Sea-Lioua, etc.," 1874, 8vo.; 
(' Hemiptcra, Heteroptera," vol. viii, 1873, 8vo.; and various guide- 
books. 

From the Board of Admiralty, London, 28 charts published by the 
Hydrographic Oflice, from Jauuary, 1873, to January, 1874 ; " The 
Chiua Sea Directory," vol. iv ; "The Mediterranean Pilot," vol. i; 
" Eed Sea Pilot," 1873 ; " Tide-Tables," 1874 } " Nautical Almanac foi 
1878 ;" and 10 lists of lights. 
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From the Overijssel Society for the Promotion of Provincial Welfare, 
Zwolle, S volames, 8 parts, and 6 pamphlets. 

From the Boysl Statistical Bureau, Gopenhagea, " Statistisk Tabol- 
voerk," vols, xx-xxvi, (2 copies ;) " Sammeodrug," etc, 10 parts. 

From Messrs. Robert and Alexander Staart, New York, " Aiiti-Nicene 
Cbristiaa Library ; Translations of the Writings of the Fathers down 
to A. D. 325," 24 volnmea. 

From the Ministry of Agrtcaltare, Indaetry, and Commerce, Rome, 
10 volames and three pamphlets published by the department. 

From the Central Bureau of Statistics, Stockholm, " Bidrug till aver- 
iges officiela Statistik," 22 parts. 

From the Medico-Ohirurgical Society of Modona, 27 medical pam- 
phlets. 

From the Norwegian Government, " Norges Officiela Statistik," 1873, 
13 parts, ito; and 4 volumes on Tforwegian Statistics. 

From the State library of Virginia, 9 volumes of State documents. 

In addition to the books which have been received, we aro indebted 
to Major-General J. H. Lefh>y, governor of Bermuda, a special fi'ieod 
of the Institution, for a series of manuscripts procured by him during 
a late visit to England, and presented through him by his relative, Mra 
Duudas, of Canon Halt, Larbert, N. B. 

The following is a report on these manuscripts by Mr. SpoSbrd, Li- 
brarian of Congress : 

" These original records form a collection of the highest interest and 
value as materials of personal and political history at a period which 
must ever remain the most important era in the annals of the United 
States. One of the volumes contains twelve reports submitted to the 
lonls of Her Majesty's treasury, by John Wilmot, Colonel Dundas, and 
the otlier commissioners, upou the losses and services of the claimants 
who were loyal to the British crown during the revolutionary war, and 
who were afterward indemnified by act of Parliament. Six reports in 
addition, signed by Colonel Dundas and Mr. J. Pemberton, commission- 
ers, and extending from A. D. 118i to 1789, are also embraced. Thirty- 
four of the manuscript volumes contain a large amount and variety of facts 
and testimony regarding the landed possessions and personal property ot 
hundreds of British subjects in the New England States, as well as in 
Kew York, Hew Jersey, Pennsylvania, etc. As most of these papers 
have never been pablished, they are the more valuable and original and 
unique repositories of information regarding the persons to whom they 
relate, the descendants of many of whom still survive among the people 
of the United States." 

The eilitioQ of the volume of the catalogue of Transactions of Learned 
Societies, originally prepared by the Institution, containiug a list of the 
works of this branch of bibliography, deposited in the Library of Con- 
gress, having been exhausted, Mr. SpoOTord is about to publish a new 
edition containing all the late additions which hivve been made to the 
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collection. It will alec conttun, in an appendix, a catalogue of Bcientific 
periodicals, with the date of pablication of each Tolnme, compiled ander 
the anspices of the Smithsonian Institution, by Dr.H. Oairington Bolton, 
of the Columbia College School of Mines, New York. 

TELEGBAFmO ANHOmfCEMENT OF A8IBONOMICAI. DISCOVEBIES. 

The important arrangement which was concluded between tbe Smith- 
sonian Institution and the Atlantic cable companies in 1873, by which 
free telegraphic transmission of astronomical discoveries was granted 
between Enrope and America, baa been continued daring the past year. 
The number of announcements, however, has not been as great as during 
tbe previous year. 

The following list comprises the aaterotdg discovered in 1874: 



Ko. 


H».. 


Diaooveier. 


D«t«. 




Herth» 

AoBtria 

HetibtBU 
















April 21, 1874. 
May 19,1874. 




M. Perrotin, ot Tonloose 





















Eight comets bave been detected during the past year. 



WiDDecke.at Strasbnrg, 
WiiiDeck«,at Elraalinrg 

Coggia. at Mare«i1lee 

Borelly, at Marseilles 

Cuggia, at Moreeilles 

Bnrellf, at Marseilles 



Febraary 20, 1B74, 
April 11, 1674. 
April 17, 1874. 
Jnly 25, 1874. 
Anguat 19, 1874. 
December 6, 1874. 



These comets, except No. 3, were strictly telescopic. 

Tbe number of amateur astronomers in the United States who are pro- 
vided with telescopes of sufficient power to detect minute heavenly 
bodies is every year increasing, and the discovery of new comets and 
asteroids offers an interesting field for their cultivation. The plan 
adopted by Professor Watson, of Ann Arbor, furnishes a definite 
meaus for the discovery of asteroids. It consists in studying with great 
minuteness a narrow band in the heavens, of two or three degrees in 
width, extending at right angles to the ecliptic, twenty degrees or 
more on each side. At some time in the revolution of an asteroid 
around the sun it must pass through this band, and, if each fixed 
star iu this circumscribed spaee be accurately mapped and its relative 
place be made familiar to tbe observer, any new object which presents 
itself within this area may be readily detected. 
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NATIONAL MUSEUM. 

For many years after the Iiistitation took charge of the XatioDol 
Maseum only (4,000 was allowed by Congress for the annual expense oa 
account of this daty. In 1871 tbe appropriatioo for tbis purpose was 
increased to $10,000, and in 1S72 to $15,000, and for tbe last year to 
820,000; tbe last-mentioned sum being safiBcient for the present to 
defray tbe annual expense without encroachment on tbe income of the 
Smitbson fund, nothing being charged on account of rent of the bnild- 
iog. In addition to this, $10,000 was appropriated for the completion 
of tbe cases in the large, room of the second story, devoted to ethnology. 
This money was expended in procuring cases in the form of tables with 
glass tops and sides for the exhibition of smaller articles. 

The following report from Professor Baibd gives an acconnt of tbe 
additions to tbe mnsenm and tbe variouB operations connected with it 
during tbe past year: 

Jncreaxe of the Ifational Muteum. 

Ah in previous years, nearly every region in North America, and a 
considerable namber of localities in Central and Sonth America, as well 
as in other parts of the worid, have been represented in the collections 
of 1874; tbe following summary showing, in a general way, the more 
important of the acquisitions from s geographical point of view : 

From Oreenland has been received a collection of articles of Esqui- 
maux dress and other interesting curiosities, inclading the skeleton of 
a polar bear. 

The arctic main land of North America is represented by perfect 
skins, with the skeletons complete, of adult male and female musk-oxen, 
forming an acquisition that any museum would consider of great im- 
portance. 

Alaska has been richly represented daring the year by a good series 
of ethnological material of tbe Thlinket tribes of Sitka and the adjoin- 
ing region, including a number of the stone implements wiiicb are now 
entirely gone out of use and very rare ; also, from the Mnglemut Esqui- 
maax of tbe island of Nnnivak, Behring Sea, a remarkably full series of 
tbeir nteasils, weapons, and carvings. This addition, with what had 
previously been obtained, gives to the National Mnsenm a finer collec- 
tion of Western Esquimaux material than exists in all other ethnological 
musenms combined. 

A series of dredgings has also been received, made in the Northern 
Ocean, in thevicinity of Kotzebue Sound, and in other portions of Behring 
Sea ; a large collection of birds with their eggs, among them specimens 
of the Sienia aleutUta and other rare species, and series of skins and 
skeletons of the fur-seals, &c. 

Queen Charioting ItlanA and Washington Territory. — From these we 
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liave i-eceive<l etbnological objects, consistiug priDcipally of elaborate 
carviuga made by tbe Haidab lodiaDs, a rice excelling any other 
aboriginal people ou tbecontiueDtfin the skill and variety of the designs 
■which they engrave on bone and wood. 

Oregon is represented very eatisfactorily by a series of prehistoric 
remains obtained from shell-heaps. These are of extreme beauty of 
finish, and constitute a highly-prized addition to the ethnological col- 
lections of the Institution. 

California, as usnal, occupies a prominent place in the record of addi- 
tions to tbe museam, more particularly in the line of arcbseology, 
including prehistoric recnains from the shelt-heaps, some of Uieru open- 
ing a new page in American archseology in tbe variety and complexity 
of tbe objects, and in tbeir great beauty of finish. Tbe applications and 
uses of many of them constitute puzzling problems in ethnology. 

From the Pucihc coast we have also received specimens of tbe ceta- 
ceans, and an interesting and valuable collection of eggs. 

Arizona, Utah, and Colorado are richly illustrated by the specimens 
collected by tbe various Government exploring expeditions, in all tbe 
departments of natural history and ethnology. Tbeso regions may 
almost be considered as wore fully represented in tbe National Museum 
than any other portion of the continent, with the exception of Alaska. 
A collection of eggs trom Arizona challenges competition for beauty of 
preparation and variety of species ; also ethnological objects of mach 
interest. 

From Montana, specimens of the grayling fishes have been received, 
among which a new species has been described by Mr. Milner, Thymallns 
montaniensis } a collection of binls, and a fine specimen of mule-deer. 

New Mexico is represented principally by specimens of Navajo worlt- 
mansbip, fossil remains, and minerals in mach variety. 

Dahota. — As in previous years, large collections, especially in natural 
history, have been received from this Territory, particularly Irom the 
officers of the Northern Boundary Survey. 

Central 'portion of tite United States. — The collections from this region 
have consisted principally of crania, stone implements, pottery, worked 
bones, &c, from Tennessee, Indiana, Illinois. Ohio, Iowa ; minerals and 
rocks from Tennessee ; skins of salmonidro of Lake Superior; specimens 
of the Michigan grayling, aud of the giant snapping-turtle firom Louisi- 
ana. 

Eastern portion of the United States. — We have received specimens of 
bone implements and other othnologica from Now York, Pennsylvania, 
and Virginia ; fresh-water and laud shells and Otsego bass from New 
York; young California siilmon from the Susquehanna River; fossil 
ferns and a si>ecimen of the Arkansas fly-catcher from Maryland; aud 
fishes from Virginia. 

Florida is well roprescntt'd by human crania, shell-heap remains, and 
other ethnological objects, living alligators, fishes, shells, and reptiles ; 



REPORT OP THE SECRETARY. 29 

among the latter n specimen of Etaps diatana, a serpent previously na- 
kaoTTD exceptiDg io Arizona. 

From Xeusfnundland we have bad a series of stuffed skins of several 
species of seals of different ages. 

From Mexico a collection of reptiles and flsbes. 

From Cuba a continuation of the complete series of species of fish, " 
which the Institntioa has received from its correspondents An that 
island. 

Central America, as nsual, has furnished very important collections, 
among them birds and reptiles fhim thoisthraasof Tebnantepeoj speci- 
mens of the musical instrumentsof the aborigines of Guatemala; poison- 
ons serpents of Nicaragua, and, above all, a series of mammals, birds, 
reptiles, fishes, shells, insects, and ethnology from Costa Rica. 

South America. — The receipts from this part of the western hemi- 
sphere have not been very large, consisting principally of some casts of 
stone implements from ancient mines in Chili, and ethnological objects, 
birds, mammals, and serpents from Brazil, as well as a specimen of sea- ' 
lion from Patagonia. 

Europe. — ^The additions of the year consist of marine shells, cretaceona 
fossils from Sweden, and skeleton of the white iiorpoise from Norway ; 
also models of the common form of weir used in Denmark for the capture 
of fishes; minerals from Saxony; highly valuable specimens of crania 
and pottery belonging to the Anglo-Saxon i>eriod of British historj- ; 
prehistoric objects from the celebrated locality of 8olutr6, among them 
numerous bones of the horse, the remains of which, to the nnmber ot 
many thousands of individuals, have been accumulated in a single de- 
pository. 

Other partg of the world. — Among the most noteworthy of the collec- 
tions received arc those of fishes, crustaceans, seeds, bulbs, shells, &c., 
from the islund of Mauritim; models of dwellings, articles of dress, 
specimens of fishes, crustaceans, corals, &c., &c., from the Samoan 
Islands; and fishes from Kamtackatka. 

Not the least interesting and important of the collections of the year 
are "squeezes" from Egyptian antiquities, and a perfect copy of the 
Tanis or Canopns stone, fh)m the musenm at Bonlak, of which a much 
inferior copy was already in possession of the Institution. 

Miscellaneom. — The Navy of the United States has very largely con- 
tributed specimens collected during the voyages of the Portsmouth 
among the Pacific Islands ; of the Narragansett in the Gulf of Califor- 
Dia and vicinity, embracing shells, fishes, birds, and ethnology; and of 
the Tnscarora in the Pacific Ocean, between the 0niu^d States and the 
Sai^dwich Islands and Japan, consisting of the soundings taken while 
selecting a suitable line for a trans-Paciflc telegraphic cable. 

^gtematio summary. — Having described the principal additions to the 
National Uusettm in 1874 in geographical order, it may not be amiss^ 
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to refer briefly to them again in tbeir systematic sequence, as likely to 
give a better idea of the actaal increase in the scientific valne of the col- 
lections. 

Of the varions additions recelTed during the year, those which ate 
most varied and comprebeoBive in their nature, and of most importance, 
have l)een derived from the labors of Mr. W. H. Dall and Mr. H. W, 
Eiliott, in Alaska ; of Mr. Archibald Campbell, Major Twining, and l*T. 
B. Oones, of the Northern Boundary Survey, in Dakota ; of Major Pow- 
ell, Lieutenant Wheeler, and Dr. Hayden, in Utah, Arizona, and Colo- 
rado ; of the United States steamers Portsmouth and Narragansctt, in 
the Pacific Ocean ; of Capt. Nicholas Pike, in the Manritiua; of the 
United States Fish-Commission on the eastern coast of the United 
States; and of Professor Gabb, in Costa Bica. 

Ethnologi/. — The Smithsonian Institution has been, for several years 
past, especially interested in extending the ethnological collections of 
the National Museum, desirous that this should embrace as full an illus- 
tration of American archaeology as possible. The roaults of its efforts in 
this direction have been very satisfactory, few days elapsing without 
the receipt of one or more packages of specimens. Tiiese collections are 
80 numerous, indeed, as to render it impossible to mention them all here ; 
and we can only specif a few, referring to the list of donations for a 
statement in full. 

By far the most important of these collections were those received 
from Alaska and the' west coast of America and from Costa Bica, 
already referred to in general terms. The specimens procnred by Mr. 
Dall furnish a Cull representation of the prehistoric antiquities of the 
islands and the main land of Alaska, aa also of many of the objt-ets at 
present in use among the Esquimaux, the Aleutians, &c. Mr. Elliott's 
collections relate more especially to Saint Lawrence Island, Behriug Sea, 
a region previously unrepresented in any collection. 

The collections made in Oregon by Mr. A. W. Chase and Mr. Paul 
Schumacher relate to the shell-heap deposits, and are quite nniqne in 
tbeir character. Still more so are the gatherings made by Mr. Dall and 
Mr. Schumaclier from the islands and main land of Southern California. 
The earrings by the Haidah Indians, collected by Mr. J. O. Swan, are of 
great interest and beauty. 

The collections of Doctor Oabb, of both modern and prehistoric 
ethnology in Costa Bica, are of very great extent and of extreme value, 
and are supplemented by a collection of aboriginal musical instruments 
from Guatemala, furnished by Mr. Henry Hague. 

Large numbers of atone implements, pipes, pottery-, &c, have been 
received from the expeditions of M^jor Powell, Doctor Hayden, and 
Lieutenant Wheeler, from Governor Amy, of New Mexico, and from 
many localities in the interior and in the east, all together forming an 
aggregate of very great extent. Conspicuous among these are speci- 
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mens of boae impkiaeDts obtained by Mr. Frank H. Gutting in Ceotral 
New York. Mr. J. H. Jenkins, of Nortbiimberlaad, Pa., has increased 
tbe extent of his deposits by numeroas additional objects. General 
H. O. Meigs, Quartermaster-General United States Army, has furuisbed 
ethnological specimens from Arizona of much interest. 

Among the articles obtained from the Mississippi Talley is a remark- 
able stone pestle, or mailer, from the Bev. Joshua Hailes, senior. This 
is stirrup-shaped, and qnite nuique in North America; although similarly. 
shaped objects, with the samie function, are known in Geotml America 
and the Sandwich Islands. 

A uotewortby article in this department consists of a specimen of 
ancient cloth ft-om a rock-dwelling near Montezuma Wells, in Arizona, 
presented by Lieut. E. B. Hubbard. Dr. J. F. Snyder, of Illinois, has 
famisheda large number of disk-shaped, cbipped stones, of great beauty. 

Of Old World collections we have mentioned a copy of the Tanis or 
Canopus atone, presented by the Khedive of Egypt, and, through General 
Charles P. Stone, numerous "squeezes" of Egyptian antiquities, con- 
tributed by the latter gentleman ; a series of Saxon crania, and other 
antiquities, from Professor Rollestoii, of Oxford; specimens from the 
prehistoric burial-places near Sohitr^, presented by Professor Lartet, 
and valuable collections from tbe Samoan Islands, by A. B. Steinbcrger, 
esq. 

Under the head of Mammals, an important acquisition is that of a 
perfect pair of skins and skeletons of musk-oxen, from Mr. Hardisty, of 
the Hudson's Bay service, in arctio North America. 

Mr. P. T. Baruujn, iu pursuance of his liberal offer to place at the dis- 
posal of the Institution, for tbe use of the National Muaenm, all such 
animals from his menagerie as might die on bis hands, bas furnisbed 
specimens of the nylghau, the manatee, the dromedary, tbe sun-bear, 
and other species. A specimeu of tbe sea-lion of Patagonia has been 
received from Doctor Burmeister, of Bnenoa Ayrea, Henry W. Elliott 
has procured for na a series of skins and skeletons of the fur-seals. Dotv 
tor Gabb has furnished complete coUeetions of nearly all the known 
mammals of Costa Rica, in great number. Professor Pugenstecker 
presented skins of various European mammals. A series of the seals 
of Newfoundland was received from Bev. M. Harvey ; and Captain 
Sca.nmou has contributed additions to the series of cetaceans of tbe 
Pacific Coast, especially that of Califomift, it being bis intention to 
render the collection of the National Museum as complete as he can 
make it. Tbe objects received illustrate his important work on tbe 
marine mammals of the western coast of the United States. 

The Vienna Museum has supplied skins and skeletons of several 
species of Old World mammalia. From Doctor Bessels has been received 
a skeleton of tbe polar bear, and fifom Doctor Yates casts of the teeth of 
tbe fossil elephant of California. SeQor Albuquerque, of Brazil, bas 
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furnished living specimens of tbe coatimnDdi ; and Doctor yicbols, of 
the Washington Insane Asylum, the body of a very large grizzly bear. 
Specimens of the black-tailed deer and American panther were ob- 
tained for the iDRtitution by Mr. James Stevenson, of Doctor Hayden's 
sarrey. One of the most important contribationa of tbe year, as far as 
tbe mammalia of North America are concerned, consisted of several speci- 
mens of tbe black-footed ferret, ( Putorius nigripes,) a weasel described 
by Mr. AaduboD in 1843 &om a single specimen, which has not beea 
since caught niitil tbe present year, when specimens were transmitted to 
the Institution by Mr. La Munyon, Dr. Law, and Mr. L. H. Kerricfc. 

Especially noteworthy among the birds received dnring the year is a 
specimen of tbe dodo pigeon (Didunculus strigiroatrit) fi-om the Samoan 
Islands, presented by Mr. A. B. Steiaberger. This species is best known 
from having been collected by the Wilkes Exploring Expedition, and de- 
scribed nearly simnltaneously by Sir William Jardine and Mr. Titian R. 
Peale. It is confined to these islands, where it is nearly extinct. This 
specimen is especially valuable from being presented entire in alcohol, 
thus furnishing an opportunity of a thorough anatomical investigation 
of its characteristics. A living specimen just received at the Zoological 
Garden in London has attracted great attention. 

Mr. Lucien M. Turner, now stationed at Saint Michael's, in Norton 
Sound, as an observer in the Signal-Service, has sent a number of birds, 
with their eggs, of much interest, among them specimens of the Sterna 
aleutica and other rare species. 

A cast of part of tbe skull of a remarkable fossil bird ft«m the Sbep- 
pey ol-iy, of Eufjland, {the Odontopteryx totiapictts,) has been received 
from Mr. Bryce M. Wright. Mr. Barnum has supplied, from the speci- 
mens that died in his menagerie, tbe cassowary, the emu, and tbe 
ostrich. From Dr. Gabb has been received a very large series of the 
birds of Costa Uica. Mr. J. E. Hartiug, of London, has supplied some 
rare specimens of tbe grallce. Cdllections of the birds of Colorado have 
been furnished by Mr. 0. O. Aiken and Mrs. Maxwell ; of the Isthmus 
of Tehuantepec, by Professor Sumichrast ; of the Prybilov Islands, from 
Mr. George K. Adams. Collections of the birds of Brazil were furnished 
by Seiior Albuquerque, and of Buenos Ayres by Dr. Burmeister; a 
series of rare species from Ecuador was also received from the Wesleyau 
University, at Middletown, Conn. 

A noteworthy fact is the receipt of a specimen of the Arkansas fly- 
catcher, killed in Maryland, and presented by Mr. Jony, this species 
being usually confined to the western plains. 

The most important of the collections of egga received are those fur- 
nished by Captain Charles Beudire, Uutted States Cavalry, from South- 
ern Arizona; those from Dr. William A. Cooi>er, of Santa Cruz, Cali- 
fornia; from Florida by Professor Jonka, and from Alaska by Mr. Dall 
and Mr. Elliott. 
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The collectioDB otreptilea received duriug tlie year have not been very 
extenBive, the most iiuportant being the series furnished by Mr. Oabb 
from Costa BicR, and those broaght in by the expedition of Lieatenant 
Wheeler. Captain Bendire has furnished a specimen of the rare Helo- 
derma liorridum, a carious lizard from Anzonaj and several living alii' 
gators from Florida have been supplied by Messrs. Chandler and Boyd. 
Mr. John Potts, a correspondent of many years' standing, has again 
eviuced his interest in the Institution by sending a collection of reiUiles 
and fishes from Mesico. A living sea-turtle from Florida was presented 
by the honorable Secretary of the Navy, and a giant snapping-turlle of 
the Mississippi, by Mr. Boyd. Dr. Beuss has furnished collections of 
reptiles from Illinois, Professor Samichrast others from the Isthmus of 
Tehnaiitepec, Mr. John Queseda the poisonous serpents of Nicaragua, 
and a series guthered during the operations of the Northern Boundary 
Survey was brought in by Dr. Cones. Mr. Meek obtained from Florida 
a specimen of Elaps distans, a serpent to which reference has already 
been made, as previonsly known only in Arizona. 

The collections of JkJiea embrace some of the most noteworthy addi, 
tions of the year, these baring been made with special reference to the 
operations of Professor Batrd as United States Commissioner of Fish 
aoil Fisheries. The most important of these were gathered by himself 
on the coast of Kew England, especially in the vicinity of Noank, 
Conn., where lie had his headquarters during the past summer. These 
embrace full series of all the kinds known to occur in those waters, sup- 
plemented by rare specimens sent by bis agents and correspondents at 
Wood's Dole, Portland, and elsewhere. Large nambers, too, of the 
fishes of the great lakes and of the Mississippi, &c., have been sup- 
plied, among them specimens of the grayling of Michigan and of Mon- 
tana, including several newspeciesj and series of white-fish ftx>m Maine, 
Xew Hampshire, and elsewhere, have also been received. Mr, E. G. 
Blackford, the well-known dealer in fish at Fulton Market, Sew York, 
has been especially serviceable in this connection by keeping a sharp 
watch over the rare and ciirions fish coming inro New York, and send- 
ing them suitably packed in ice to Washington. By means of the vari- 
ous fresh fishes thus obtained, the series of casts of the food-fishes of 
the United States, commenced a few years ago, has been greatly ex- 
tended during the past season, this now numbering over three hundred 
specimens, pointed carefully from nature, and representing fishes and 
cetaceans, some of them of nearly a thousand pounds weight. This 
collection of casts is unique in this country, aud is only represented oo 
a smaller scale by that of Mr. Frank Buckland, in London, and that of 
the natural history museum of Trinity College, Dublin. 

Other specimens of fishes are those from the coast of Virginia, sup- 
plied by Prof H. E, Webster ; skeletons of the fishes of South Carolina, 
&oai Mr. G. E, Manigault ; specimens from the Sacramento Bay, sent 
3 8 
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by Mr. L. Stone ; from the vicinity of New Bedford, by Mr. John H. 
Thomson; &om Florida, by Mr. G. B. Goode; &om the Snsquehanna 
Biver, by Mr. T. H. Bean and Mr. Jaa. Greveling ; from Montana, by Dr. 
Hart ; from Lalte Snperior, by J. T. Coleman ; from Michigan, by £>. H. 
Fitzhugh, jr., and Fred. Mather; from Cooperatowu, N. Y., &c., by 
Captain Pbinaey, 

Of fishes from regions outside of the United States, specimens have 
been furnished from the fresh waters of Central Earope, by Dr. Middle- 
ton Goldsmith ; from the Pacific Ocean, by the United States steamer 
Portsmonth ; from Kamtschatka, by Col. T. L. Lee ; from Cuba, by Pro- 
fessor Poey and Professor Shepard ; and from the Mauritius, by Capt. 
Nicholas Pike. The last-named collection !s in great variety of species 
and admirable preservation, constituting one of the most important 
coutributioDS ever made in this department to the National Museum. 
Professor Poey's collection is a continuation of a systematic series, wbicU 
he has undertaken to supply, and which already embraces over a huu- 
dred species. 

The Zoological Museum of Copenhagen has supplied models of the 
common form of weir used in Denmark for the capture of fishes. 

The general collections of marine invertebrates have been from Mr. 
'William H. Dall, from Capt, Kicliolas Pike, and from the Uuite<I States 
Fiah Commission, among other series. In moUuskn the collections of 
Captain Filie and Mr. Dall are especially rich. 

A series of shells from the coast of iNorway, by Mr. G. O. Sars, of 
Cbristiania, will ue of much value for coinparison with American forms. 
Namerons shells of fossil mollusks bave also been received from various 
douors. 

From the fact that the collections of insects have been transferred to 
the Agricultural Department, not much cau be announced in the way 
of receipts in this department, all the specimens that bave come to hand 
Laving beenj as usual, delivered to that establishment. It. may be 
worthy of mention, however, that the first collections made by the United 
States astronomical expedition for the observation of the transit of 
Yenns, received at the Institution, consist of a series of butterflies from 
Brazil, furnished by Mr. Bussell. 

Of plants various packages have been received from the different Gov- 
ernment expeditions, among them some interestiug fossil species from 
Mr. Ambler and Dr. Stevens, of Virginia, and Mr. Sternberg, of Kansas. 
As heretofore, all the recent specimens have been transmitted to the 
Agricultural Department. 

Among the more important contributions to the museum bave be«n 
tho specimens of soundings made by Commander Belknap, on the Tus- 
carora, during his labors in the Pacific Ocean. These are of very great 
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extent, and promise to fnmish large nnmbers of new species. They are 
now placed in the hands of Prof. Hamilton L. Smith for identification. 

A scries of dredgings has been received from the vicinity of Kotzebne 
Sound and other portions of Behring tSea, made by Captain Smith, of 
the Alaska Commercial Company. 

MitieraU in considerable number have beeu received, among them a 
series collected by Colonel Abert, of Tennessee, specimens deposited by- 
Mr. J. H. Jenkins, of Sortbnmberland, specimens from Berlandier as 
presented by General D. N. Couch, together with specimens from Saxony, 
given by Br, Endlich ; these are iu addition to the large gatherings of 
the Govemmeut expeditions. 

Dr. Endlich, iu charge of the mineralogical department of the museum, 
states that, during the year 1S74, 250 minerals have been placed iu the 
cases, in addition to those mentioned in the last report, as well as 300 
Uthological specimens and 150 ores. 

The metallurgical collection remains about the same. 

The labeling of the minerals has beeu finished, and exhibits a type 
of what the method will be when the whole collection is completed. 

A large number of minerals has beeu examined at the request of 
correspondents of the Institution, and their qnalitative character deter- 
mined. For purposes of education the Institution furnishes qualitative 
determinations of miueralogical speinmens, but iu no case does it un- 
dertake to furnish percentages of the different components of specimeus, 
or give certificates, for commercial purposes, of their value. 

The fossils are beiug arranged, and In the course of a year we hope 
to have series of duplicates for distribution. 

During the past summer, Dr. Endlich was engaged in the southwestern 
portion of Colorado, iu the San Juan mining region, in coonectiou with 
the nayden expedition, an account of which will be given in the reports 
of that establishment. 

It is, of course, impossible to enumerate all the collections and speci- 
meus, or to give in these cursory notes anything more than a general 
idea of the nature of the receipts of the year. The complete list of 
donors, with the objects presented by them, will be found arranged 
alphabetically in the appendix to the report. 

Work done in connection with the National Museum. 

As might reasonably be supposed, the magnitude of the receipts 
during 1871 bas required much time and labor to reduce them to order, 
exceeding as they did by far those of any previous year. The rapid 
rate of increase is evinced by a comparison with the data for 1873 and 
ld72, as follows : 

The total number of entries for 1874 is 504, from 337 donors, and em- 
hr.ice-s 712 packages; for 1873 tbe numbers arc 4il, 241, and <>S0, 
respectively ; and for 1872, 315, 203, and 644. 
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As regards tbe distribatioD of duplicate specimens to pablic estab- 
Usbments, &c., tbe records show 330 entries ; these include donations of 
specimens to 40 foreign museums and zoologists and to 165 home iusti- 
tutions, and embrace 32 sets of mammals, IS of birds and eggs, 1 of 
reptiles, (living and dead,) 1 of fishes, 3 of crania, 5 of insects, 63 of 
shells, 12 of plants, 2 of fossils, 106 of minerals, rocks, and bnildtug- 
Btones, 7 of ethnological specimens, and 5 of diatomaceons earths; in 
all, 261 lota. 

A table in the appendix shows the total nnmber of specimens dis- 
tributed, iocludiug also those deposited in the cate of the Departmeoc 
of Agriculture and the Surgeon -General's Office. 

Of specimens submitted to epecialisto for examination and report 
there have been 61 lots : Mammals to H. and J. A. Allen and to Di-. 
Sclater ; birds to Geo. iN". Lawrence ; re[>tiles and fishes to E. D. Ooi>e ; 
insects to Messrs. Packard, Scudder, Edwards, Osteosackeu, Ubler, 
nil>e, Stretch, Cresson, Thomas, Glover, Emerton, and Holden ; shells 
to Messrs. Tryou, Binney, and Sandberger; crustaceans to S. J. Smith; 
marine invertebrates to A. E. Verrill; plants to Messrs. Gray, Rothrock, 
Vaaey, Englemann, Olney, James, and Carson ; microscopic materinl 
to Messrs. Smith and Seaman ; mineral waters to Dr. Loew. 

Six lots additional to the above have been lent for study. 

The number of specimens sent out for iuvestig.ition is approximately 
estimated as follows : Mammals, 2,000 ; birds, 000 ; reptiles, 100 ; fishes, 
100; insects, 7,000 ; shells, 500; marine invertebrates, 400; ethuologica, 
10; packages of microscopic material, 500 ; plants, 9,000 ; in round num- 
bers about 20,000. Some of these are included among tbe specimens 
distributed. 

It is no exaggeration to say that 40,000 specimens are represented by 
the 320 entries in tbe distribution-book. 

Collecting apparatus has been lent to aboat fifteen expeditions and 
collectors, principally from the stores of the United States Fish Com- 
missioner. 

GOTEENMEHT EXPLOBATIONS AND SUETBTS. 

The following is a brief sketch of the snrvess made nnder the an- 
tbority of the General Government during the year 1874, the specimens 
fh>m which are to be finally deposited iu tbe museum under the care of 
the Institution. 

Explorations and aurtcpt treat of the lOOih meridian. First Lieutfinant 
Oeorge M. W hector, Corps of Engineers, in charge. 
Nine separate parties took the field in 1871 for oi^rations in portions 
of Nebraska, Utah, Colorado, New Mexico, and Arizona. The point of 
departure was Pueblo, Colorado Territory, iu tiie valley of the Arkan- 
sas. Tbe whole area entered and ocrcupied lies south of the latitude 
of the Spanish Pcnkw, oxci'i)t that iiioludcd in special journeys necessary 
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to complete the triaDcuIatioD commenced in 1S73. Tliis importaDt work 
was delegated to Lieut. Wm. L. Marshall, Corps of Eogineers, who 
broQght to this task, besides profeasional and execntive abilities, the 
experience gathered in his former labors apoo tbis worlc. The total area 
assigned was a little less than 35,000 square miles. 

Out of the nine parties, sis were moving field-parties, having special 
areas conjoining along latitudinal and other lines, and connecting at cer- 
tain triangulatioQ and topographical stations. 

A special party, under Doctor J. T. Botbrock, U. S. A., organized 
with a view to institute further investigations into the natural history 
of certain areas left anflnisbed in 1871, 1872, and 1873, in New Mexico 
and Arizona, departed from Santa F6 early in the season, and returned 
ladeu with rich and valuable collections of the flora and fanna of that 
great region ; having carriei^ on, in connection with their esaminations, 
observations for altitudes of special points within the drainage area 
visited, throwing further light upon the geographical distribation of ani- 
mal and vegetable life. 

Two main distinct astronomical parties were occupied in establishing 
the co-ordinates of points immediately adjacent to the field of survey 
and others along the line of the Union Pacific Kailroad, and were 
successful in accomplishing all that was laid out for them. 

The results in the astronomical branches are, the conclusions of the 
observations necessary to determinetheeo-ordinates, and the astronomi- 
cal meridian at the stations Las Vegas and Oimarroo, N. Mex., the latitude 
of Pueblo, Col., the latitude and longitude of Sidney Barracks, Jules- 
bargb, and North Platte Station in Nebraska, on the Union Pacific 
Railroad. 

At the field astronomical stations sextant observations were carried 
on by the following officers in charge of the several parties: First 
Lieut. Wm L. Marshall, First Lieut. P. M. Price, Corps of Engineers; 
Second Lieut. C. W. Whipple, Third United States Artillery ; First Lieut. 
E. Birnie.jr., and First Lieut. S. E. Blunt, Thirteenth United States In- 
fantry. These stations have been numerous, answering all the require- 
ments made npou them for checking special positions by a method iu 
place of which nothing else coald be made available. 

The geodetic work included the establishment of 79 main triangn- 
latton stations, exteudiug a net-work over the entire mountain-area 
occupied. Base-lines were measured at Tdnidad and Pueblo, Colorado; 
Cimarron, Las Vegas, and Santa F^, New Nexico. These bases control 
the triangnlation which connects the belts of 1873 in Colorado, New 
Klexico, and Arizona, as well iis those north and south from the line of 
the Union Pacific and Central Pacific Bailroads. 

In meteorology, except at the astronomical stations at Cimarron and 
Las Vegas, N Mex., the observations were conducted solely with a view 
to the deternmiuation of altitudes at prominent physical points witiiia 
the area surveyed. 
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Thongh no person was actually assigned as geologist, Doctor H. C. 
Yarrow, U. S. A., SQd Professor B. D. Cope iovestigated the geology 
aad paleontology of the Territory of New Mexico. The resnlts obtained 
^vere highly interesting. The cretaceous beds yielded many fine fossil 
shells and teeth of extinct fishes, and the carboniferoas limestone was 
found to be equally rich in specimens. A nnique coIlectioD of a large 
Dumber of beautifully preserved larertebrat« remains was procured from 
the same formation. These are the deposits of a lake of a compara* 
tively modern age, which atwnud in the remains of skeletons of the 
animals that inhabited the surronnding land. Mastodons of species 
quite different from those frequently found in the Eastern States were 
in abundance, while camels and horses had evidenHy existed in droves. 
One of the most siugnlar discoveries was that of a deer which did not 
shed its boms ; and the fossil remains further indicate that at this time 
several species of wild dogs existed to keep in check the herbtvoroas 
animals, while a large vulture,allied to the turkey-buzzard, was prepared 
to act as scavenger as occasion offered. lu another locality crocodiles 
and turtles were very numerous. Among the large remains were those 
of the genus Bathmodon, which closely resembles the elephant in the feet 
and legs, but the tapir and the bear in the character of the skull. They 
were armed with formidable tusks, and their crania were very thick, as 
if designed to repel attacks. 

In the Hue of archeeology and ethnology were foand the remains of 
ancient human dwellings which stand in lines on the summits of rocky 
crests, and on the more inaccessible and remote points of bills, with 
precipices of several hundred feet in depth on one or more sides; from 
these and burial places most interesting specimens of potterj', besides 
crania and skeletons, were obtained. 

The miueralogical specimens collected have been carefully analyzed 
by DoctorOscar Loew in the laboratory of the Smithsonian Institution. 

Dr. H. C. Yarrow, in charge of the natural-history branch, with his 
assistants, have added more largely tbau ever before to our knowledge 
of the living fauna of large interior areas. Tlieir results are soon to be 
worked up by themselves and other specialists, and the specimens after- 
wai'ds deposited in the National Museum at the Smithsonian Institution. 

As usual, a photographer accompanied the expedition, who this year 
was successful in obtaining special photographs of aucient ruins, of 
various Indian tribes, &c. 

While the parties operated in the field, the ofQce-force remained en- 
gaged in working up the results for publicatioD. 

The publications during the past year of the surveys under the War 
Department have been : the Progress Report of 1872, a preliminary cata- 
logue of plants gathered in 1871, 1872, and 1873, and a preliminary report 
upon the ornithological specimens collected in the same years; the first 
in quarto, the two latter in octavo. An advance edition of the Topo- 
graphical Atlas and other physical sheets was also published. 
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The total working-force takiug the field vitUout escorts, for tlie first 
tivae, was 8G, locludiDg officers, assistaata, and employes. The utmost 
barmoDy existed among all the parties, which largely condaoed to cor- 
respondingly enhanced results. In regard to these sarveys under the 
War Department, the following paragraph appears io the Annual Re- 
port of the Chief of Engineers to Congress : " By experience and im- 
provements in methods and instruments, the value of the results is 
aonnally enhanced, and the cost of the work amply repaid." 

It cannot fail to be gratifying to all who ore interested in this cliisa of 
iovestigatioDS to be couvinced that the proper basis for further syste* 
matic endeavor has been reached. 

Survey timftr Professor Mayden. 

This surrey during the season of 1874 continued the work of 1873 west 
ward ^f the 107th meridian of longitude iu Colorado Territory. The en- 
tire areaexploredlieson the west slope of the main range of the Itocky 
Mountains, forming the eastern part of the drainage of the great Colorado 
Biver, The topographical and geological work included a carefully-sur- 
veyed area of about eighteen thousand square miles, much of it com- 
prising some of the moat rugged and mountainous scenery on the con- 
tineDt. The southern portion includes an area of nearly three thousand 
square miles, the greater part of which is at an elevation of 12,000 feet 
and upward. The first division of the party, under Mr. A. B. Marvin, 
operating in Northwestern Colorado, established 8C stations ; the second 
division, under Mr. Gannett, which explored the rugged area between 
tbe Gunnison and Grand Jtivers, also established 86 stations; while the 
third division, snrreying tbe remarkably high country in the southwest, 
determined 63 stations, most of them being on peaks ranging &om 13,000 
feet and upward, the highest being 14,500 feet. 

A fourth division, under Mr. G. B. Becbler, performed the important 
duty of measuring the roads, trails, passes, and carefully working up 
the contiguous topography, besides meandering a distance of about nine 
hundred miles. Mr. Beehler 'established 36 important stations, thus 
rendering more accurate and complete the general work of the survey. 

A fifth party, under Mr. W. H. Jackson, the photographer, passed over 
the greater portion of Western Colorado, obtaining about four hundred 
Degatives of tbe most characteristic scenery. These views have proved 
of great value in tbe topographical and geological studies ; but the most 
interesting result was a series of views of the wonderful ruins in the 
caQons of the Mancos and Montezuma Bivers. The party found here 
remains of a rude civilization in tbe form of bnildiugs, made of hewn 
stone laid in mortar. Among the ruins were various kinds of stone 
implements and glazed pottery, on some of which were figures of the 
snu. On the plains and mesas these ruins occupy considerable areas, 
indicating I he former existence of a numerous population. In the caQons 
the stone dwellings are built high up in the caverns or crevices in tbe 
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sides, from SOO to 1,000 feet above the bottom, in almost inaccessible 
positiODS. From all tbe ioformatiou that could be obtained from the 
present race of Indians, tliese dwellings were iohabited at least eight 
centuries ago by a race of sun-worshippers, which were driven sonth- 
ward, step by step, by a persistent foe from the uortb. 

Tbe sixth division, nuder Mr, J. T, Gardner, continued the primary tri- 
angulation over tbe moautHinous region of the southwest, extending 
into Utah, and coimecting with some of Professor Powell's stations. 

The sereatb division was under tbe immediate direction of Professor 
Hayden, and made special studies of those portions of Colorado that 
presented rather complicated problems in geology. A careful 8ur\-ey 
was made of tbe Elk Mountains, of tbe Morainal deposits in the valley 
of tbe Upper Arkansas, and tbe coal-beds along the east base of tbe Col- 
orado range of mountains from Cafion City to Cbeyenne. Tbe season's 
labors were in every respect successful, and a large amount of topo- 
grapbical, geological, and natnral-bistory material was secured for tbe 
eighth annual report to the Secretary of the Interior. 

The publications of tbe survey during 1S74 were tbe Bulletin Ko. 1 
and Xo. 2, and second series, Nosl 1, 2, 3 ; miscellaneous publications, 
Koa. 3, 4, 5, 6j Cretaceous Flora, by Leo Lesquereux, 7th Annual Keport, 
(Colcrado.) 

Survey under Profe884yr PoitelU 

This was the continnation of the geological and geographical explora- 
tion of tbe bafiin of the Colorado of the West in Utah, prosecuteil for sev- 
eral years previous. For this work two parties wore organized, one under 
tbe charge of Prof. A. II. Thom[iBon, and the other uuder the immediate 
direction of Professor Powell himself. Each party bad a number of 
assistants, and to the latter was added a photographer. The first party 
was employed in carrying forward the work in Central Utah, and tbe 
second party in Northeastern Utah. 

The valley of tbe Sevier, near the town of Gunnison, was selected as 
the proper position for the base-Uue from which a series of triangles 
could be extended to tbe north, cast, and south, and connected with 
those which bad been established in former years. 

For hypsometric determinations Green lliver City on the Union PaciAc 
Sailroad, Salt Lake City, Gunnison, and Pangwitch were selected, from 
their connection with railway surveys, as known points of reference for 
altitudes to be ascertained by the barometer. 

The geographical determination of latitude and longitude rests pri- 
marily on the base-hue, the terminations of which were established by 
astronomical observations. For latitude the zenith-telescope was em- 
ployed, and for longitude telegraphic methods were adopted. 

The material was collected for mapping and exhibiting tbe resources 
of a section of conutry heretofore but little known, embniciug many 
ranges of monutaina and plateaus, with valleys drained by streams 
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'wliicb in places pass through deep nnd almost iaaccessible gorges. Over 
the entire region surveyed the data were collected for determiuiag the 
amount and distribubion of lands which can be redeemed from sterility 
b; irrigatioQ, and also that of grass and timber laods. The coal-forma- 
tiODS, which had been discoveied iu previous sarveys in adjoining le- 
giouB, were traced throagh the areas of the present enrvey, and many 
new beds discovered. It was found that the coal of Southern and Cen- 
tral Utah is distributed throngh a series of geological formations em- 
bracing most of the Tertiary and Cretaceous ages. The supply of coal 
of this region is, therefore, abundant, and much of It is said to be of 
good quality and widely distributed. The position of many of the more 
important mineral-lodes was determined, especially such as have been 
worked to a sufficient extent to enable the owners to acquire permanent 
titles from the Government, and tbeso will be represented on the general 
map. 

Tfaegeologicalstracture of toe region is exceedingly complex. A series 
of formations, embracing Tertiary, Mesozoic, Paleozoic, and Metamorphio 
rocks, are plicated on a grand scale, and displaced by faults of immense 
estent. During geological ages, and continued down to later periods, 
tbis region must have been the scene of great volcanic activity. Exten- 
sive fields of eruptive matter and large numbers of volcanic cones are 
exbibited. In many places there exist great escarpments, forming caIiou> 
walls and lines of cliffs, exhibiting with great perfection the 8Uperi>osi- 
tion and stmctare of rocks, from which interesting geological dedac- 
tions can be made. 

The great system of monoclinal folds and faults discovered in former 
years, crossing the grand caQoD of the Colorado, was fonnd to be extended 
iuto the region of this year's survey. The lithological geology wag 
studied so far as the opportunities permitted, and large collections of 
rocks ma^le, especially of the volcanic formations widely distributed in 
geological succession. From the sedimentary rocks fossils wereobtfliued 
abundantly sufficient to indicate the ancient flora and fautiiv of the 
region. The Territory is traversed by profound gorges, which conduct off 
the small amount of rain fall not evaporated. Although the amount of 
ivater carried by the streams is small, the great elevation of the country 
above the sea gives it the velocity of a torrent, and being mingled with 
Btones, its erosive action exhibits effects unequalled, peiha;)S, in any 
other part of the globe. On the mountuins and plateaus of this region, 
wherever an altitude of 9,000 feet, or more, is reached, evidences of 
ancient glacial action are fonnd. 

Interesting ethnological resnlts were obtained. Two important tribes 
of Indians were again visited, the C-iu-tiits and Seuv-arits, nsually 
known as the Uinta Utes and Sbe-be-riches, and much additional 
knowledge of the words and grammatical construction of their language 
was secured, as also a series of facts relating to the naming of tribes 
and confederacies, with fresh information as to their political organiza- 
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tion. It SO hivppened that wbile the sarveyors were among these Id- 
diaua, messengers arrived from the Go-si-Utes, of Westero Utah and 
Eastern If^evada, bringing iaforniation of great rains and of tbegradoal 
riBiug of the Great Salt Lalie, indicating, as they aapimsed, a great 
calamity, and calling upon the tribes we have mentioned to join them 
iu religious ceremonies to appease the anger of the waters, lest in their 
rage and coming power they should destroy all the land and the people 
who lived thereon. The state of religious excitemeot which ensued 
enabled Professor Powell to increase Uis knowledge of their mythology 
and religion, iu directions which previous to that time had been closed 
to him. On these subjects the Indians are usually reticent. Believingia 
sorcery and that a knowledge of their religion and organization can be 
used by their enemies to their dit^ad vantage, they forbear to give any 
information on these subjects. But under the excitement above men- 
tioned their reserve was neglected, and facts revealed which hud pre- 
viously been only partially understood. Previons to this no definite in- 
formation bad been obtained aa to their religious worship, or whether 
they had any system of appeasing the displeasure of their gods. 

A large number of articles to illustrate the various arts among these 
people, in addition .to those made in previous years, was collected, so 
that the specimens in the National Museum for the study of the civili- 
zation of these tribes are more extensive, perhaps, than for any other on 
the American continent. Attention was also given to the ancient re- 
mains in tlie valley of the Oolorado, and interesting additions have 
been ninde to the facts already known. A number of additional ruins 
were discovered, and observations made for depicting on a map scores 
of ancient towns or hamlets. Copies of picture-writings and stone im- 
plements of various kinds were obtained. The ethnological investiga- 
tion embraces language, mythology, folk-lore, and the means of obtain- 
ing subsistence. 

A large number of photographs was taken, which served to assist the 
draughtsman in doliueatJDg the toitographical features of the country; 
also another series of the Indians themselves, intended to illustrate 
their dress, habits, and other characteristics. 

Sttrvei/ under Bon. Archibald CampbeU. 

This survey was for the continuation of the boundary-line along (he 
forty-ninth parallel of latitude, between the United States and the 
British possessions. The distance i-emaining to l>e surveyed during 
1874 was three hundred and flfty-eigbt miles, from longitude 106° 12' 
to longitude 114° 05'. It was dirided into two parties, the astronomical 
and the topographical. 

Duriug the season of 1874 the work was executed in the same manner 
as before, under the agreemeut made between the chief astronomers of 
the United States and British commissions, to the effect that the officers 
of the United States were to determine astronomical stations at inter- 
vals of forty miles, and to survey a belt of territory five miles wide south 
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of the parallel, the Eoglish to detei'miQe a Biinllar series of astronomical 
Btattons, and to survey an eqnal belt of topograpby north of the line. 

The astronomical party, iu charge of Maj. W. J. Twiniuf;, was organ- 
ized in Snint Paal, Minnesota, on the let of Juno, and reached the 
point of operation on the 1st of July. The shortness of the season, and 
the gi-eat distance to be traveled after tbe work should be completed, 
required that it should be finished early in September. The party was- 
therefore, pushed to tbe utmost limit of endurance, and by the Ist of 
September the eight astronomical stations assigned to the United States 
had been determined, and tbe line had been connected with the last 
previons station of tbe boundary at the summit of the Bocky Mount- 
ains. In four months, this expedition accomplished a journey of 3,700 
miles, besides surveying and marking 358 miles of tbe boundary- line. 
The topographical party remained in tbe field both winter and sum- 
mer from the Ist of June, 1873, until the present time, with the ex- 
ception of two months in the spring of 1874. They have demonstrated 
that instrumental work can be done in that high latitude, even iu the 
most rigorous part of the winter, where the country is wouded ; but oa 
tbe ot>en plains the exposure is dangerous. That portion crossed by 
the line surveyed during 1874 was found to be an open plain, entirely 
destitute of timber, but easily practicable for wagon-trains, except iu 
tbe vicinity of Frenchman's Creek and the crossing of Milk Eivcr, where 
wide detours had to be made to avoid the bad-lands. From longitude 
106<^ to the crossing of Milk River the country is unattractive, the rain- 
fall is small, and water consequently scarce during tbe summiT. Tbe 
soil is alkaline, and produces mostly sage-brush and cactus. From, the 
Sweet-Grass Hills to the Kocky Mountains its character is entirely 
changed. The rain-fall appears to be ample. The belt along the foot 
of the monutains, in addition to scenery of rare beauty, presents to the 
eye of the practical man the moro solid advantage of an unsurpassed 
fertility. Northwestern Montana is still tbe range of immense herds of 
buffaloes, whose numbers, according to Major Twining, contrary to the 
commonly -received opinion, are constantly increasing. This region is 
the country of the Blackfoot and Fiegan tribes of Indians. It is also 
tbe debatable ground of the North Assiuaboines, the Oros Ventres of 
tbe prairie, and the River Crows, while an occasional war-party of the 
Sionx may bo found as far northwest as the Sweet-Grass Hills. With 
the exception of the Sioux, these tribes appear to be peaceably enough 
disposed. 

Collections and observations in natural history were made at almost 
every point along tbe boundury-liue by Ur. Elliott Cones, surgeon and 
natnralist of the expedition, altbongb it is -to be regretted that be was 
not snpported by an adequate corps of assistants, particularly in tbe 
departments of geology and botany. Largo collections were umde and 
sent to tbe Institution, an account of which is given in the report of 
Professor Baird. It is to be hoped that ample time may be allowed Dr. 
Cones for the preparation of bis final report, in order that the results of 
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his field-work ma; be fully elaborated in illuistratioD of tbe flora and 
fanaa of a portioa of the United States of which comparatively little is 
boown. 

inSCELLASBOVS. 

The Institation, as Id former years, has been in barmoDioaa co-operation 
with the Department of Agriculture, the Army Medical Moseum, and the 
Corcoran Art Gallery. With the first it baa deposited plants and other 
articles relating to agriculture; to the Medical Museum it has transferred 
a large nnmber of articles pertaining to comparative anatomy and mate- 
ria medica, and has received in return ethnological specimens; in the 
third, the Corcoran Art Gallery, it has deposited a number of paintings, 
articles of statuary, engravings, &c. A list of these several dejwsits 
will be found in tbe appendix. 

It may be mentioned that tlie present Secretary of the Institution 
has been chosen one of the trustees of the Corcoran Art Gallery, and 
thus the connexion between these two establishments has become more 
intimate. The Gallery has been opened during tbe past year under very 
favorable auspices, and bids fair to be an important means of improving 
the intellectual and moral condition of tbe citizens of Washington, as 
well as a perpetual monument of the beneficent liberality of its founder. 
Since its first opening to the public on the 19th January, IS74, it has been 
visited by 75,000 persons. It fans an endowment of $900,000, and had 
an income last year of upward of $G2,O0O. 

Fog-Signals. — During the last summer I devoted a considerable por- 
tion of my vacation to investigations in regard to sound in its applica- 
tioit to fog-signals, tho results of which have been published in an ap- 
pendix to tbe Light-House Beport for 1874. 

These investigations, which were a continuation of those of former 
years, tend to establish tbe fact that sound is susceptible of a kind of 
refraction, due to the unequal velocity of the upper and lower current 
of the air, by which the sound-ray is in some cases bent upward, and 
consequently passes far above tbe head of the distant auditor, and in 
others is refracted downward to the surface of the earth, and is thus 
perceived at a much greater distance. This principle explains the pe- 
culiar action of the wind on sound, as well as various abnormal phe- 
Domeua which have been observed from time to time in tbe operation 
of fog signals; also tbe discbarge of cannon during battles, of which 
the sound was heard at remoto points, though inaudible at those much 
nearer tbo explosion. 

Fiak inquiry and propagation, — It may bo i-omembered that an act of 
Congress was passed in February, 1S7I, directing an inquiry to be made 
■into the causes of tbo decrease of the i'ood-fishes of the United States, 
to be prosecuted by a commissioner ap[)ointed by the President, from 
tho civilian employes of the Govornuicnt, and to serve without salary, 
rrofessor Baird, of this Institution, rocelved this appointment and en- 
tered upon his duties. 

Diqilized by Google 
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In 1872 bis sphere of labor was extended by inBtractions for tbe 
emplojnieDt of such measures aa migbt iocreaBe tbe food-fisbea of tUe 
country ; and reports from time to time have l)een made of the lesults oC 
the work. 

The growing interest iu this subject, and the belief that the objects to 
be accomplished were of ^reat importance to the coaotry ; have iuduced 
larger and larger appropriutions from Congress, and the sphere of the 
li^bors of the commissioner has been extended accordingly. Dis wotb 
is prosecuted under two distinct heads: first, that of an inquiry into 
the causes of the decrease of food-fishes ; secondly, that of their multi- 
plication. 

In prosecuting the inquiry referred to he has established himself at 
points on the sea-coast where the fisheries it was desirable to investi- 
gate are carried on, and, by inquiries on his own part and those of his 
assistants, he satisfied himself as to the condition of the fisheries, and 
the extent to which they have been diminished, and the steps to he 
token for their restoration. 

He has embraced the opportunity thus offered, to carry on a thorough 
snrvey of the natural history and physics of the ocean, thus doing for 
the coast portion of the territory of the United States what the explora- 
tions of Professor Haydeii, Lieutenant WLeeler, and Major Powell are 
accomplishing for the Territories of the West. 

Bis operations during tho summer of 1874 were carried on at yoank, 
Conn., his field of investigation extending from Narragansett Bny on 
the east, to the mouth of tbe Connecticut Biver on the west, and to the 
eastern end of Long Island on tbe south. 

As usual bis presence, with the facilities at his command, attracted a 
large number of visitors, among them some of the most eminent natur- 
alists of tbe country, who were thus enabled to carry on important re- 
Bearehes iu natural history, all of tbem having a more or less direct 
bearing ni>on the objects of the commission. Professor Yerrill, of Yule 
College, has been associated with Professor Baird from the beginning 
of this branch of investigation, and as usual labored indefatigably dur- 
ing tbe season. 

The results of tbe labors of 1871 at Wood's Hole have already been 
published in a volume which constitutes a work of standard excellence. 
The report for 1872 is nearly ready for publication, and that for 1873 is 
well advanced. Tbe second division of bis duties, that of the work of 
propagation of food-fishes, was directed more especially to tbe malti- 
plication of the sbad and salmon. Owing to the late period at which 
the appropriation for this, purpose was available, the operations in re- 
gard to tbe batching of shad were not commenced untU June, when 
camps were snccessiv^ly established on tbe Delaware, the Hudson, and 
the Connecticut; that on tbe Hudson in connection with the fish com- 
missioners of Xew York, and that on tbe Connecticut with tho commis- 
sioners of that State. 



^d by Google 



.46 REPOBT OF THE SECRETABT. 

OwiDg to the death of Dr. Slack, who waa in charge of the atatioa 
OQ the Delaware, very little vas done on that river. On the Hudson a 
xerj considerable nnmber of shad was obtained and distributed, apart 
from those introdaced into the river by the State commissionere them- 
selves. The greatest amonat of tbe work, however, was done at Soath 
Hadley Falls, on the Connecticut Eiver, Tbe ftsh here being very 
abandant, many young (Ish were hatched and distribnted, mainly nnder 
tbe direction of Mr. James W. Milner, to various locaHties in many 
States, extending as far west as Minnesota, south to Texas, and east 
to Maine, tbe total nnmber thus supplied amountJugto over two millions. 

The operations in regard to salmon were still more satisfactory, being 
carried on at two establisbnients ; one on tbe McCloud Eiver, in Cali- 
fornia, under the charge of Mr. Livingston Stone, and tbe other on the 
Penobscot Rh'er, in Maine, under Mr. Charles Q. Atkins. The former 
fumisbed six millions of eggs, of wbicb one million were hatched and 
placed in tbe Sacramento Biver, tbe others being transported to batch- 
ing-houses in the East, and the young snbse<)uently placed in the waters 
of the New England and Middle States, in addition to those of Mary- 
land, Virginia, West Virginia, North Carolina, Louisiana, Texas, Ohio, 
Indiana, Illinois, Wisconsin, Minnesota, and Iowa. 

The establishment at Bucksport, on the Penobscot, has also yielded 
over three million eggs. These have not yet been distributed, as they 
are not snfiQciently far advanced, but they will be planted principally in 
the waters of the New England, Middle, and more northern of tbe 
Western States. 

Tbe importance of these measures for tbe artificial propagation of 
flsb may be readily understood from tbe fact that the actnni results 
irom one pair of shad or salmon, treated artificially, fully e^ual those 
from one hnndred, and, according to some, one thousand pairs, when 
left to perform this function naturally. 

Deep-sea soutidinifa. — Professor Baird has made a series of observations 
on temperatures of the sea- water at different depths, the results of which 
will be published in his report as United States Fish Commissioner. 

The Institution has received, for investigation, from the Bureau of 
Navigation, Navy Department, nuder Commodore Ammen, a large 
number of specimens of deep-sea soundings, collected in the Paciuo 
Ocean by tbe officers of the ITnited States steamship Tuscarora, Com- 
mander O. E. Belknap. These specimens have been referred for micro- 
scopic examination to Prof. Hamilton L. Smith, of Kobart College, 
Geneva, N. Y., who has undertaken tbe investigation, and will report 
the result as soon as the work is finished. 

Polaris Artie Exploration. 

During tbe past year Dr. Emil Bessels has been engaged at tbe Smith- 
sonian Institution in working up that part of tbe scientific material 
which was saved from tbe collections of the voyage of tbe Polaris in tbe 
years l!:>7l-'73. Tho results of the investigatioua will be given iu three 
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Tolatnes, of wbich the first is nearly ready to be put in the bands of the 
printer. Thia volume contains — 

Part I. Hydrography and meteorological observations at sea. 

0. Hydrographical remarks relating to Baffin's Bay, Smith's Soood, 
and Bobesou Channel. 

b. Temi>erature of the sea and its specific gravity at different depths. 

c Ice of Smith's Sonnd and its motion. 

d. Tidal observations made at Polaris Bay, comprising eight lima* 

tiODS. 

Part II. Meteorology. 

a. Teni)>erature both at Polaris Bay and Polaris House, the second 
viDter quarters. 

b. Efi'cct of the direct beating power of the sua 

c. Effect of terrestrial radiation. 

d. Hygrometrical observations. 

e. Atmospheric pressure. 
/ Winds. 

g. Face of the sky. 

h. Ozone. 

•. Gain and snow. 

Part III. Psycbrometrical tables, giving the relative hamidity, force 
of vapor, and dew-point for each tenth of a degree from 32° to — 45<>, 

Part IV. Astronomical observations. 

Part V. Magnetism and aurora. 

PartVL Pendulum experiments. 

The second volarno will be devoted to natural history, comprising 
zoology, botany, geology, palseontology, mineralogy, &c. 

The third volume will comprise the ethnology of the Esquimaux. 

The whole will be copiously illustrated by wood-cnts and charts, and 
pablished nnder the auspices of the Navy Department." 

Chemical Laboratory. — During the past two years the laboratory of the 
iDstitiition has been in charge of Dr. Oscar Loew, the chemist and min- 
eralogist of the Wheeler survey, and during this time be has made 
various analyses for the Institution of minerals, mineral waters, and 
other substances referred to the Institution for examination by the 
Oovemmeut and other parties. 

lu behalf of the Wheeler expedition he has investigated and analyzed 
the waters of thirty-four mineral springs of Ifew Mexico and Colorado, 
many soils of the arable lauds of Arizona and New Mexico, rocks such 
as basalts, rhyotites, trachytes from New Mexico, coals of various local- 
ities in Colorado and New Mexico, lake and river deposits, mioeit^ls, 
such as turquois, garnets, zeolites, plants used for medicinal purposes 
by Mexicans, &c., &c. 

Plwtography. — Tbe photographic laboratory, under the directiou of Mr. 
T. W. Bmillie, has been in continued ojieration during tbe past year; a 

* For tlie expense of Uie UlostratioDS, Coogrew appropriated $L5,0W iu March, 187S. 
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series of pliotographs having been made of ethuological and natural bis- 
tory Rpecimens for the nse of the lastitution, and a large amount of 
work done for others, especially for the GoveromeDt surveys. The 
establishment of a photographic laboratory has been of great coaveoi- 
ence to the Institntion, nnd has been attended with bnt little expense. 
It affords at once the facility of photographing specimens and copying 
charts and other illastrations, while the support of the artist has been 
furnished by work performed for other parties. 

lAght-House duty. — I have t>een a member of the Light-Honse Board 
since its first organization, and during all this time have discharged the 
duties of chairman of the committee on experimenta. On the resig- 
nation of Admiral Shubrick I was elected chairman of the boanl. I 
was honored with this election not entirely on account of the services I 
had rendered in the way of scientillc investigations, bnt princiiMiUy 
because [ belonged neither to the Army nor the Navy, of which it was 
desirable that neither should claim predominauce. The daty, however, 
pertaining to this ofQce has been much more arduous than I anticipated. 
Indeed, in order that I might attend to it without interfering too much 
with my devotion to the afi'airs of the Institntiou, it was uecessary that 
the board should be recalled to a previous usage, namely, that of meet- 
ing every week and triinsacting the principal business through itscom- 
mittees, instead of meeting quarterly and intrusting the operations of 
the establishment almost entirely to the two secretaries and the chair- 
man, under which plan the latter was obliged to bo in continual attend- 
ance at the Light-House office. 

I am gratified to be able to state that, although some dissensions have 
occurred on accoout of the want of definite assignment by the original 
law of Congress of the relative duties of the Army and Kavy while on 
light-house service, yet that the whole system at preseut Is iu au effl- 
cient state of activity. 

It may be proper to remark that, for the labor which I have bestowed 
Qpou the light-huuse service for upward of twenty years, 1 have received 
no other remuneration than that which results from the conscious feel- 
lug of having successfully labored in some degree to advance the effi- 
ciency of a service which involves the protection of life and property, 
and is one of the benevolent institutions tending to facilitate the rela- 
tions of distant countries with our own. 

CONCLUSION. 

From the foregoing statement it will be evident that the Institution is 
sueceasfully prosecuting the plan adopted for realizing the benevolent 
intention of its founder in the way of increasing nod diffusing knowl- 
edge among men; that its funds are again in a prosperous condition, 
and that its reputation and usefulness are still on the increase. 
Respectfully submitted. 

JOSEPH HENRY, 
Secretary Smithsonian Institution. 
WiSHiwaTON, January, 1875. 
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Table showing the number of entries in the record-hooka of the United States 
National Museum at the close of the years 1873 and 1874, respectively. 



Sdaminals 

Birds 

Reptilex ami aoipbibiaDB.. 

Skeletons and bIeuIIb 

F^ws 

Cmstaceana 

Aonelida 

afolloskB 

BndiBtes 

Invertebrate fossils 

HioeralH 

Ethnological specimens... 



11,625 


12,294 


65,950 


68.361 


8,222 


8.293 


12,514 


13,808 


13,290 


14,408 


16,710 


17,062 


2,194 


2,204 


100 


100 


24,756 


24,757 


3,i;» 


3,142 


7,725 


7,727 


8,108 


0,178 


13.084 


16.415 



Total.. 



locreaee for 1874, 10,3:12. 





Diatribntion to the 
eadoflSJS. 


DlBtiibutioD 
daring 1874. 


Total to the end 

of 1874. 




Species. 


Speci- 
uiens. 




Speci- 

meoB. 


Species. 


Speoi. 


Shdetons and BkallB 


389 

S4.580 
1,975 
2,717 
6,676 
2,748 
1,078 

84,637 

583 

1.844 

23,370 
4,112 
5,453 

83 


1,114 

2,990 
37,885 

3.220 

5.748 
16,770 
' 6.294 

2,650 

197,292 

778 

5,160 
39,705 
10,141 
11,152 

1,909 
812 


40 
1,091 

16 
54 
496 
900 


116 

1,789 

322 

42 

67 

1,100 

2.000 


429 
2,129 

24,879 
1.991 
2,771 
7,172 
3.648 
1.078 

89,789 

583 

I.ai4 

28,370 
4,126 
8.8CT 
1,950 
258 


1.230 














NestB and eggs of birda.... 


17,870 


Crnrtaceans 






5,15S 


8,000 


195,292 














5,000 
13 

3,414 
64 
175 


10,000 

13 

5,100 

100 

200 


49,705 




1C,2S2 
2,069 
I.OIS 


Total 


163.169 


333.680 


16,724 


28,849 


179,883 


302,529 



5U AODITIOKS TO THE COLLECTIOiTS. 

ADDITIONS TO THE COLLECTIONS OP THE SMrTHSONIAS 
INSTITUTION (UNITED STATES NATIONAL MUSEUM) IN 
1874. 

Aiert, J, T. One box of geological specimeiiB from Nashville, Tena. 
Aiken, C. E. A collection of birds from Colorado ; a moaoted specimen 

of little striped skunk, (Mephitin hieoloTj) snd two bottles coulaioiDg 

coDtciits of tbe scoDt-bags of MephitU aiwricanm and Mephitis biooU>r. 
Albuquerque, Senor Don Frederico. Skins of humming-birda, fuogi, &c.; 

two living specimens of coati-mnndi, (Soma, sp.,) from BraziL 
AWen, Mr. One barrel of skulls, from an Indiaa monnd near New 

Smyrna, Fla. 
Ambler R. C. One box of fossil plants from Virginia. 
American Sardine Company, Sew York. Specimen boxes of Amerioaa 



Anderson, ThommC. One package of minerals from Elti&on Station, Ky. 

Anderson, William. Two boxes of stone implements and shells from 
Indian grsive, from Perry Co., Ohio. 

Andreas, Dr. Robert E, Nine microscopic slides. 

Amy, General W. F. M. Seeds of stone-pine and cigarita-shncks from 
tbe Navajo Indians, New Mexico. 

Ashton, L. H. One specimen of fossil fish from Qreen Kiver Station, 
Wj-o. 

Atkins, C. 6. See nnder Washington, U. 8. Commission of Fisk and 
Fisheries. 

Avery, T. C. One skin of duck-bawk, {Falco anatum,) from Greens- 
borough, Ala. 

Bagster, V. B. Specimens of spiders, (prepared.) 

Baird, Prof, Spencer F. One specimen of marmoset monkey, {ffapale 
jacckvs,) in the flesh ; a collection of earthen vases, (28 pieces, ) from 
Peru; a collection of fur garments, miscellaneous etbnologicii, and 
minerals, from Oreenlaud ; a collection of plants, from the collection 
of tbe late Major Bicb. See, also, under Washington, U. 8. Com- 
mismn of Fish and Fisheries. 

Baker, Capt. John. A collection of shells from Florida. 

Banks, T. G.,jr, One specimen of salamander, {Notophthalinus viridei- 
cens,) from VValllogfonl, Conn. 

Barcena, Mariaiw. See nnder Mesico, Sociedad de la Historia Natural. 

Barfoot, Joseph L. See under 8alt Lake City, &M Lake Mueeum. 

Barnum, Pkineas T. Specimens, in tbe flesh, of cassowary, (Casuarius 
indieus,) ay\ghn}i, {Portax tragocamelus,) dromeAary, [Camelits drome- 
darius,) sun-bear, [Heiarctos ,tibetanus,) and skeletons of emu and 
ostrich. 

Battle, Thomas H. Specimens of abnormal bens' eggs from Raleigh, 
N.O. 
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Batty, J. H. Two boxes of bird-skins; monnted specimeo of great 
faorned owl, [Bvbo virginianm ;) one box of bird-stenia. 

Bean, Tarleton H. A collection of fresh-water fishes from Bainbridge, 
Pa. ; a collection of stone itpplemeuts from Wyoming, LDserne, Brad- 
ford, and Lancaster Counties, Pa. See, also, under Washington, U. S. 
Commission of Fish and Fisheries. 

Beardslee, Com'r L. A., U. 8. N. Specimeus of young of Dorosoma cepe- 
dianum from the Potomac River, of Salmo fontinalia and Etheostoma, 
sp., from Little Falls, N. Y.; tusk of vahua {Rosmarun obesvs) tvom the 
North Pacific Ocean. 

Beatts, James W. Specimens of agates and opals from Lake Superior, 
Texas, and Germany. 

Beck, Hon. James B. Specimens of minerals from Kentncky, 

Beckett, George. A collection of minerals f^om the vicinity of Williams- 
town, "Vt. 

Bediwith, Capt. N. W. A skeleton of "devil-fish," {Lopkivs america- 
nusj) from the Bay of Fuody ; one Chinese stink-pot 

Belknap, Corner 0. E., U. 8. N. See under Washington, N^avy Depart- 
ment, Bureau of Navigation. 

Bendire, Capt. Charles, U. 8, Cavalry. Two boxes of birds' eggs from Ari- 
zona ; two bottles of Coleoptera from vicinity of Tucson, Ariz.; a speci- 
men of Eeloderma horridum in alcohol. 

Berg^t, Norway; Bergen Museum. Specimen of dolphin, {Delphinm leuco- 
pleurus,) from the coast of Norway. 

BesseU, Dr. Emit. See under Waskington, U. 8. Navy Department, Po- 
laris Expedition. 

Billopp, John 8. One specimen of black wood-pecker, (Hylotomus pile- 
atus,) in the tiesh. 

Binney, W. 0. Two specimens of Carinifex Neicberryi. 

Bladcford, E. 6. Fresh specimens of fishes : hlne-backed trout, {Satmo 
oqua^sa f) striped bass, {Roccus lineatua ;) tautog, (Taittotro onitis;) 
cod, (Morrhua americana ;) aaXmou, {8almo salar ;) white perch, {.Vo- 
rone ameriaina;) saury pike, {8comberesox scutellatus ;) Spanish 
mackerel, {Cybium maculatum;) leather-jacket, (OlfjiopHfes oeoidenta- 
lis;) drum, (Pogonias ckromis ;) red snapper, {Lutjanvs aya;) stur- 
geon, (Adpenser brevirogtris,) &c., &c 

Boardman, George A, Candal vertebne of porcupine {Eretkizon dorsa- 
tvs) from Milltown, Me. 

Boteler, Alexander R. One Indian stone implement from near Front 
Boyal, Warren Co., Va. 

Bowers, Mr. ^>ecimens of niuscovite from Ackworth, N. H. 

Bogd, C. S. One specimen of alligator terrapin, {QypochsXys temminckii) 
from New Orleans, La. 

BraAford, A. A living specimen of red fox ( Yulp^ fuleus) from Wash- 
ington, D. C. 

Creese, W. L. One skin of crested cormorant, {Oraculus dilopkus.) 
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Brewer, James D. See under WathiitgUm, U. S. Commissum of FUk and 

Fiskeriet. 
Britumade, C. E. One bottle of GOleopt«r» from Fort Sully, Dak. 
British Museum. See under London. 
Brown, M. B., V. S. Eevmue Marine, One specimen of Dana's coral 

{Aalrangia Dana:) from Lewes Beach, Pa. 
Brotcn University. See under Procid^ce. 

Bruhin, Titos. A. Specimens of supposed new species of Vaccinium. 
Bruner, C C. One specimen of bair-worm (Qordius a^taticua) from 

Oktibbeha, Miss. 
Brush., Prof. 0. J. A collection of minerals. 

Bryan, 0. N. One apecimeo of fossil Area from Priuce George Co., Mil. 
BudI, Sarah A. A si>ectmen of aebestus from Marylaud. 
Buenos Ayres ; Museo Publico de B. A., Prof. H. Bumteister. A collection 

of bird-skins from South America; sknll and skin of seal {Otaria 

leonina) from Patagonia. 
Bute, D. M. Indian skull and etbDologieal Bpecimeos from Wilmiugtou, 

S. C, (on deposit.) 
Burmeister, Prof. H. See under Buenos Ayres. 
Bi/ers, William N. One specimen of mnacovit« from Colorado. 
Canjield, K. One specimen of seleuite f^oni Kansas. 
Carpenter, Capt. W. L. Specimens of reptiles' and birds' eggs from 

Omaha, Nebr. See, also, under Washington, Department of State, 

Northern Boundary Survey. 
Carroll, Michael. Prepared specimens of the gullets and skin of unborn 

cub of the harp-seal from Bonavista, Newfoundland. 
Charleston, S. C. ; Mus. of the Med. Col., Dr. O. E. Manigault. Mounted 

skeletons of sbecpshead, (Stenotomus argyrops,) and drum, {Pogonian 

chromis ;) fossils from the phosphate-beds of South Carolina. 
Chandler, L. H. A living alligator, {Alligator miasissipiensis,) young, 

from Florida. 
Chase, A, W. Ethnological specimens from shell-heaps in Oregon ; 

drawings by a " medicine-man " of the Ta-ta-tiu tribe, Crescent City, 

Oreg. 
Ckeerer, D. A. A bottle of orthoptera from Colorado. 
Chicago, Academy of Natural Sciences; Dr. J. W. Velie. Two niounteil 

skins of birds. 
Christiania, Norway; Zoological Museum; Prof. 6. 0. Sars. A collec- 
tion of shells from Korway. 
Clarke, Prof. F. W. Specimens of cyprinodoDts from Massachusetts. 
Clarke, N. W. See under Washington, U. 8. Commission of Fish and 

Fisheries, 
cuts, Qen. H. B., U. S. A. A shoulder-blade of bnffiilo, with Indian 

paintings. 
Cock, George. One specimen of aquacreptite fW>m Chester Co., Pa. 
Oockerill, J. R. Tvo miueraU. 
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Coffitt, Charles 0. Specimeas of iron-ore, wilb fossil feros, from Mnir- 

kirk, Prince George Oo., Md. 
Coleman, J. T. Four salmon-skins from lahpenaiog, Mich. 
Colling, W. S. A moauteil specimen of king-elder duck {Sotaateria 

spectabilia) from Detroit, Mivb. 
Commag&re, Frank Y. Etiinological specimens and tootti of narwhal 

(Manodon monocerog) from Greenland. 
Cooper, Qeorge P. Specimens of insects. 
Cooper, W. A. A collection of birds' eggs and nests from Santa Croz, 

Cal. 
Copenhagen; Museum 0/ Zoology. A model of Danish fish- weir. 
Cornwall, Prof. B. B. See under Princeton, ifjweum of the College of 

New Jersey. 
Couch, Gen. D. N. The Berlandier Collection of minerals from Mexico, 

eleven boxes. 
Coues, Dr. Elliott, U. H. A. See under Washington, Department of State, 

Northern Boundary Survey. 
Coulon, Dr. Louie. Specimens of ancient pottery from Central Europe ; 

a collection of alcoholic mammals. 
Coven, Gen. B. R., Assistant Secretary of the Interior. An Indian pipe 

of peace smoked at the great couucil of the Grand Btver agenc; b; 
the Umpapa Sioux. 
Creveling, J. P. Specimens of California salmon (Salmo quinnat) one 

year old from the Snsqueh anna Kiver. 
Gushing, Frank H. A collection of bono implements IVou an Indian 

grave near Medina, N. Y. 
Dall, William H., Coast Survey, U. 8. A. Thirty-seven boxes and kegs 

of general zoological an<t ethnological collections from Alaska and 

Cal i torn i a. 
Davenport, Iowa; Davenport Academy of Natural Scietiees. A collec- 
tion of Indian crania from monads in Iowa. 
Davidson, Mr. Specimens of magnetite and of ornamental woods from 

Salem, Greg. 
Davis, D. W. S|>ecimen of a root encircling a water-pipe, from Wash- 
ington, D. C. 
Derer, J. T. Specimens of minerals from Georgia. 
Dickinson, E. Thirteen e^gs of the marbled godwit, {lAraosa fedoa.) 
Dickie, J. A. Specimen of mineral from Independence, Va. 
Douglas, Harry. Two steel-tipped Indian arrows from Kansas. 
Douglas, James, jr. Plaster-casts of stone hammers from OampaQa 

Seronn, Coquimbo, Chili. 
Dow, Capt. J. M. A living specimen of harrowing owl {Spheotyto cuni- 

cularia, var. Jloridanus) from the Gulf Stream, 200 miles from the 

coast of Georgia; a collection of fishes from Panama ; two packages 

of Central American minerals. 
Dowell, B. F. Specimens of fossil wood from Oregon. 
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Dury, Charles. Nesta of worm-eating warbler {Helminthophaga vermi- 
vorua) and GaroliDa wren, {Thryotkorus ludovicianug.) 

Dutton, Thomas B. SpecimeDa of quartz arrow-heads from UniontowD, 
D. C. 

Edmunds, Colonel. Specimens of bowlder rocks from White Top Moan- 
tain, Grayson Co., Va. 

Edtcardf, Vinal N. See under Washington, U, 8. Commission o/ Fish and 
Fiskeriea. 

Elliott, Henry W., Special Agent Treasury Department U. 8. Eight boxes 
of general zoological and ethnological collections from the N^orth Pa- 
cific; skins of sea-otter, (£n%(fra marina,) Rud skullsof Walrus, (Aos- 
marus obesus,) from Alaska ; one tank of alcoholic s|iecimeus from the 
Aleutian Islands ; augite crystals from Saint George Island, Alaska. 

Endlick, Dr. Frederic M. A collectioD of miuerals from Sasouy. See 
also under W'aBhington, Interior Department, U. 8. Geological Survey. 

Farrell, Norman. A sknll of large turtle from tbe Oclocknee Kiver, Flor- 
ida. 

fay, Joseph 8. A specimen of oyster (Ostraa virginiana) from Wood's 
Hole, Mass. 

Ferguson, Maj. T. B., Maryland Commissioner of Fisheries. Two liTiug 
specimens of black bass, (Mioropterus salmoid^s.) 

Field, 8. T. Specimen of fish (6ila, sp.) and fossil fish from Green 
River, Wyoming. 

Finek, Hugo. Ao alcoholic specimen of frog {Bhinostomus dorsalui) 
from a lagoon near Cordova, Mexico. 

Fish, TV. 8. Asbestos paper and cloth from Scotland. 

Fisher, Davenport A collectiou of minerals from Ackworth, N. H. 

Fitskugk, D. F. Specimens of fishes from Bay City, Mich. 

Fletcher, TV. W. Specimens of white-fish [Coregonus, sp.) from Ne^ 
Hampshire. 

Fly, Major. Specimens of silver-ores from Chihuahua. 

Forsyth, W. A. Maogaoese-ores from West Virginia. 

Fossick, T. L. & Co. Specimen of polished marble from Ingleton, Ala. 

Fraine, Thomas W. Mouutcd specimens of birds from Bochester, N. Y. 

Qahb, Prof. William M. Two stone idols from Santo Domingo; eight 
boxes of general zoological and ethnological collections from the 
Talamauca expedition, Costa Bica. 

Qaas, A. M. Specimens of vegetable gum and gaits from Campo, San 
Diego Co., Cai. 

Qidney, Love and Burton, (through V. 8. Department of Agriculture.) 
Specimens of miuerals from Cleveland Co., N. C. 

Oolden, H. W., through C. G. Atkins. Specimens of OsmeruSf sp., from 
Belgrade, Me. 

Goldsmith, Dr. Middleton, Vermont Commissioner of Fisheries. Collec- 
tious of fislies and crustaceans from Central Germany and from the 
river Seine. 
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Qoode, O. Bnmn. Specimeas of menhaden {Brevoortia menhaden) and 
parasitea (Cymothoa pragv»tatof) froxB tliB Potomac River; acotleo- 
tiou of fishes from the lower Saint John's Biver, Florida. See. also, 
nnder Middtetmcn; Museum of Wesleyan University; and WaskingUm^ 
U. 8. Commismon of Fish and- Fislieries. 

Gordon, Hon. John B. One specimen of coal from Alabama. 

Griggs. Hon. A. 8. Specimens of minerals from Waabington Territory. 

Orisicold, C. D. See noder Washington, U. 8. Commission of Fitk and 
Fisheries. 

Hague, Henry. Aboriginal musical instniments from Guatemala. 

Hailes, J. Bones and pottery from an Indian moand in Tennessee. 

Harimburgh, L. S., U. 8. 8urvegor-Qeneral for California. Specimens 
of borax from California ; minerals from (Jalifornia. 

Hardestie, W, L., Hudson Bay Company. Skins and skeletons of male 
and female musk-oxen {Ovibos moschatus) from the Barren Grounds 
of Arctic America. 

Harmer, Miss Helen A. An Indian pipe from Keshena, Wis. 

Harris, D. W. Specimen of stag-horn beetle from Lonisiana. 

Hart, Dr. Charles A., U. 8. A. Specimens of Montana grayling, (T&y- 
maUus montanensis, d. sp. Milner.) 

Hart, James M. Specimens of brown coal from Oswego, N. T. 

Hurting, Dr. J. E. Skins of grallae from varions localities. 

Harvey, F. 8. Four specimens of oolite from Des Moines, Iowa ; speci- 
mens of roots (Psoralea esculenta) need as food bythe Indians, firom 
vicinity of Humboldt, Iowa. 

Harvey Rev. M. Arm of squid {Architeuthis monackus) from Newfound- 
land ; series of mounted skins of Newfoniidland seals. 

HasHns, Anderson. One malformed heu's-egg froiii Washington, D. O. 

Hayden, Dr. F. V. See under Washington, Interior Department. 

Hayes, Dr. W. W. Two stone implements from San Lais Obispo, Cal. 

Haynes, Benjamin, Minerals Arom Bergen Hill, X. J. 

HeideUierg University Museum, Professor Pagensteeher. Skins of mam- 
mals from Europe; skeleton, fossil, of Halttherium Schinai. 

Hemphill, Henry. A collection of insects, marine invertebrates, &&, 
from San Diego, Cal. 

Henshau), H. W. See uniler Washington, War Department; Surveys west 
of the one hundredth meridian. 

Hereford, Dr. Thomas P. Au aboriginal stone pipe from Goalbnrg, 
W. Va. 

Herron, J. P. A specimen of muscovite from Atlanta, Ga- 

Bessel, Dr. Rudolph. Specimens of the cocoonsof the common leech 
{Hirudoimedicitialia) from Germany. 

Bill, George W. Indian stone implements from Ashland, Ohio. 

Hill, J. B. A living specimen of alligator, {Alligator missistippiensit,) 
young, from Florida. 
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Bitcheoti, 0. N. A skin of bollock's oriole {Tctenit fittUodh') from San 

Diego, Cal. ; eggs or anknown bird. 
HoUt, Chrvitian, Secretary of the Royal Uitivertity of Normijf. Speci- 
meuK of chalk foAsils from Gotland Island, Sooth Swedeo. 

Hoope <£ Coit, Port Monmoutk Fiahery, New York, Sample boxes of sha- 
dines {Brecoorta menhaden) in oil. 

Homer, Ckarka F. Indian stone itDplemeots, &c, from Fbceoix, Ariz. 

Hvbbard, Lieitt, E. B., U. S. ArtiUery. Specimens of cloth from Monte- 
zuma Wells, Ariz. 

Hutchina, W. D. Specimens of minerals from Lexington, Ind. 

Hper, J. D. Specimens of darter (Pileoma eaprodai) from the Potomac 
Biver. 

Jackson, E. E. One living specimen of soft-sbell tnrtle (Plaiypdiia 
ferox) from the Oongaree Biver, Sontb Carolina. 

Jenningt, 8. K. Fossil shark's teetb and sea-orchiu spines frttm Bienzi, 
Miss. 

Jenkins, J. H. Specimens of azorite from Arizona; agates from Lake 
Soperior, (on deposit ;) a collection of Indian stone implements from 
Central Pennsylvania, (on deposit) 

Jetties, Prof. J. W. P. See nnder Providence, Museum of Brotcn Univer- 
sity. 

Jenkins, Admiral Thornton N., U. 8. N. Specimens of bricks fhim the 
great wall of China. 

Jones, Jokn P. A slab with Indian carvings from Key tesville, Mo. 

Jones, Dr. William H., U. 8. JT. See under Washington, Navy Depart- 
ment. 

Jordan, Dr. Franhlin. A specimen of Foluto junoiia and mineral from 
Jacksonville, Fla. 

Jovy, P. Louis. Skin of Arkansas fly-catcher {Tyrannus terticalis) from 
Maryland. 

Kapenay Qovemor. One wooden pipe from the Sandwich Islands. 

Kellogg, Dr. A., tbroagh U. 8. Coast Survey Office. A collection of 
mosses and lichens from Alaska. 

Seenan, J. E. Mississippi State cnrrency, one one-dollar bill, 

Kelly, D. M. Si>ecimen8 of clay from Little Wolf, JMino. 

Kenny, William H, A living snake {Boa, sp.) from Brazil. 

Kerchcval, A. W. One specimen of specular hematite from West Vir- 
ginia. 

Kerrick, L. U. One skin of black-footed weasel [Putorius nigripes) from 
Western Kansas. 

Ketckam, Dr. Ovaries and stomach of black bass {Micropterus sal- 
moidea) taken in the Potomac Biver. 

Kinney, Thomas W. A cast of an Indian carving frvm Ohio. 

Krider, John. Specimens of shot. 

La itunyon, J. W. One skin of black-footed weasel (Putorius nigripea) 
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from North Platte, Kansas; bead of grebe; ebells from tbe Loap 
Biver, Missoari. 

Lamb, George. Specimens of coral from Florida. 

Latham, James H, A collection of fisbes from Florida. 

Latham, Capt. Silas B. A collection of sbells from Florida. 

Laic, Annie E. One box of ethnological specimens from Dalton, Ga.; 
ethnological specimens from a monnd, Cbilhowec Valley, Little Ten- 
Dessee Biver. 

Law, Dr. One skin of black-footed weasel [PuloriuB niffripee) from 
Cache La Poadre Valley, N. Colo. 

Lea Isaac. One specimen of Lioplaa: cydoatomi/ormia ^ two specimens 
of Carinifex Nevberryi. 

Ledt/ard, L. W. One specimen of barleqain snake (Elaps /ulviva) and 
insects from Orange BlnfT, and one pipe-fish {Syngnaihua, sp.) from 
Saint Angastine, Fla. 

Lee, Col. Francis L. Fishes from Kamtcbatka. 

Lenthall, John. Bas-rolief of hnman bead, funeral nrn, and lachrymal 
urn, from Biiii, Italy. 

Lewis, Dr. James. A collection of land and fresb-water sbells from 
New York ; a collection of univalve shells from various localities. 

Linceeum, Dr. Oidetm. A cranium of negro outlaw from Long Point, 
Tes. ; insects from Texas. 

Loew, Dr. Oscar. See noder Waahirigton, War Department, Surveys west 
of the one kundredOi meridian. 

London, British Museum. Cast of Assyrian tablet. 

Lloyd, E. B. One star-flsh and a fish's tail from Port Townsend, W. T. 

Lartet, Dr. See under Lyons, France; Musie cPHisloire Naturelle de Lion. 

Lowry, T. W. Due specimeu fossil Unio from Elizabeth City Co., Va. 

Luce, M. M. Ten specimens of white-fish (Goregonus, sp.) from Indus- 
try, Me. 

XyncA, Judge. Indian pipe aud tomahawk frova Weldoo, N. C, (on 
deposit.) 

Lyons, France; Music d?B.iatoire Naturelle de Lyon, Dr. Lartet. A col- 
lection of fossil bones and flint implements from the prehistoric sta- 
tion at Solntr^, near Macou, (Saone et Loire,} France. 

McCook, General A. McD., U. 8. A. One bill of a saw-fish (Pristis 
antiquorum) from Santiago Harbor, Tex.; one Comanch^ lance, and 
scalp of white child, from Fort McKavit, Tex. 

Mackenzie, Dr. E. E. E. A box of dried leaves. 

McLaughlin, W. S. Specimens of young hernag {Clupea elongata) from 
spawning-ground, southern head of Grand Mauan, N^. B. ; one egg of 
raven (Corvus camivorus) from Grand Manan. 

McRUehie, Capt., 0. 8. If. One Eskimo dog-tnice from Greenland ; 
specimens of cryolite from Ivigtot, Greenland. 

Manigault, Dr. O. E. See under Charleston, 8. C, Museaot of the Medi- 
cal College. 
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Mopes, John S. Specimens of miueral (Titanitet) from Warwick, N. T. 
JUarahf B. J. A package of pebbles from New Jersey. 
Maaon, Judge Gkarlea. Specimeos of rocks from Mount Vesavins. 
Mason, Prof. 0. T. One ComaDCbe tomabawk-pipe from Fort Sill, 

Idaho; specimens of betel jnta from BangOD, Barmab. 
Mather, Fred. Fins of grayling (ThymalluB tricolor) from Honeoye 

Falls, y. Y.j one specimen, in tbe Qesb, of thegrison(6a{>cttSOTt(aea;) 

specimens of grayling from Honeoye Falls. 
Maxirell, Mrs. M. A. Skins of gray -crowned finch {Leucoiticte t^hroeo- 

(is) from Boulder, Colo.; a collection of laud-shells from Colorado. 
Me^, Prof. F. B. One specimen of harleqain snake, (Flaps distcmt,) 

other reptiles, and insects, from Florida. 
Meigs, Qenerai M. C. Specimend of Indian pottery from Arizona; Indian 

pipe from the Dog tribe; fonr pieces of pottery from Pneblos, Tex. ; a 

fresh skin of wapiti, {Cervus canadmsis.) 
Middletoicn, Conn.; Museum of Wesleyan Unkmrsity, 0. Broan Qoode, 

curator. Skins of raptores from New England ; skins of birds from 

Ecuador. 
Mexico; Sociedad de ta Sistoria Natural, Mariano Barcena. Specimens 

of opiils from Mexico. 
Miller, Dr. C. A. A collection of fossils from the Cincinnati groop ; a 

collection of stone implements from tbe banks of the Ohio River, be- 
tween Meigs Co., Ohio, and Madison, Ind. 
Mills, Clark. Casts of the heads of Eskimo Joe and Hannah. 
Milner, James W. See under Washington, JI. 8. Commission of Fish and 

Fiaheriea. 
Mitchell, Dr. 8. Weir. Specimens of Indian pottery from Michigan and 

New Jersey. 
Moffatt, Dr., U. 8. A. Six Hoopa Indian arrows, (through U. S. Army 

Medical Museum.) 
Montfort, Rev. J. Q. Specimens of land-shells from Dniteil States. 
Moody, Elisha. Sponges and Indian stone hatchet from Florida. 
Moragni, Dr. N. H. Specimens of bones, shells, &c., from a mound near 

Pilatka, Fla. 
Moore, L. P. Specimens of minerals from Winchester, Va. 
Moore, N. B. Fossil bones, bird-skins, and eggs from Mauatee, Fla. 
Morrison, F. L. Specimens of silver ores from Mexico. 
Morrison, J. B. D. Specimens of miuenils. 
Mailer, Prof. Eudolph. Specimens of fungi from Gartbagena, Ohio ; 

stone implements and bones from Gartbagena, Ohio. 
Murray, Com'r, U. 8. N. Teetb of fossil shark, and bill of s saw-fish, 

(Pristit antiquorum,) from South Carolina. 
Sash, Thomas H. One articulated human skeleton. (Purchased.) 
Hew Albany, Ind.; Academy of 8cimces. Casts of bone implements from 

shell-heaps, New Albany, Ind. 
Uichols, Dr. 0. H., Qovemment Aeylumfor the Insane. Siiecimeus, in 
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the flesh, of grizzly bear, ({7r«u« horribilia,) nnd bald eagle, (Baliaetua 

leucocephalus.) 
Nulerson, George T. One bird's egg (MegapodiuSf sp. T) from tbe Celobes 

Islnnde. 
Ocean Trout Co., Port Monmouth, N. J. Sample boxes of " oceao trout," 

{Breooortia menhaden,) pickled. 
Otdmixon, Dr. George 8., U. 8. A. Specimens of grajliug (Thtjmallua 

montanensis, MJluer, d, sp.,) from Montana. 
Oli», Col. Sarrison G. Pctrological and botanical specimeua from Gna- 

daloupe Island, Lower Cal. 
O^ord. England; Muteum of Nat. History ; Prof. Oeorge Rolleston. Four 

boses of stone implements and pottery, and crania of ancient Sasona, 

irom England. 
Pagetutecher, Professor. See nnder Heidelberg, University Museum. 
Palmer, Dr. Edward. Two packages of etbnological specimens froia 

Florida. 
Papineau, E. A. One box of pinned coleoptera (iom Topeka, Kaus. 
Parker, W. P. A tail of black-tniled deer {Cervus macrotis) from Bed 

Clond agency. 
^tball, Capt. Charles. One stone knife from Clark Co., Ark.; shells 

and quartz crystals ftom Ouachita Valley, Ark. 
Phinneg, Captain. Five specimens of Otsego white-fish (Coregonua Otse- 
go) from Otsego Lake, N", T. 
PiersoH, Wiltiam L., U. w. vice-consul. One specimen of meteoric iron 

from Casas Grandos, Cbibuahua, Mex. See under Washington, De- 
partment of State. 
Pike, Col. Nicholas, U. 8. consul. Twelve packages of geDunil zoologi- 
cal collections f^m Mauritius and the Indian Ocean. 
Poeg, Prof. Felipe, University of Havana. Collections of minerals, skins, 

and alcoholic specimens of fishes, tram Cuba. 
Pohlem, Franz. Two iron-stone nodules from Washiugton, D. C. 
Poor, C. R. One specimen sponge from Nantucket. 
Potts, John. A collection of reptiles and fishes from Mexico. 
Powell, Maj. J. W. See under Washington, Interior Department. 
Pratt, W. H. Specimens of Helix muUilineatus from Iowa, 
Princeton, N.J.; Museum of Princeton College; ProfH.B. Cornwall. A 

collection of minerals from various localities. 
Prentiss, Dr. C. A. A fresh skin of white pelican (Pelecanus erythrorbyw 

chus) from Dade Co., Mo. 
Proridenee, R. I. ; Museum of Brown University ; Prof. J. W. P. Jenks. 

Skins and eggs of birds, and Seminole leggiugs from Central Florida. 
Putnam, Joseph Duncan. Skin of Thomomys, sp. from Camp Brown, 

Wyo. 
Queredo, John, U. 8. N. Specimens of venomous serpents from San 

Juiiu River, Nicaragua. 
Reid, J. W. One specimen of fossil criuoid from Urbaua, Ohio. 
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&1I88, Dr. A. CollcctiuQ of seriJents, Qsbes, aad ethnological specimens 
from Belleville, 111. 

Sice, Jos. K. One mineral from Ilackettsto^n, y. J. 

Bahexon, Hon. George M. Cue specimeu of sea-turtle from Key West, 
Fla. 

Roome, James S. Oue flsb-skin. 

Russell, Mr., U. S. N., (U. 8. Sleamer Smttara.) Specimens of Lepidop- 
tera from Brazil and tbo Cape of Good Hope. 

Salt Lake City; Salt Lake Museum; J. L. Barfoot. One bottle of Crusta- 
cea (Arteviia, sp.) Irom the Great Suit Lake. 

Sandberger, Prof. Fridolin. 8|iecimeuB of Helices from Germauy. 

Sanford, C 0. A living &[iecimeu of great horned owl, {Btiho Vv-gim- 

Sars, Prof. 6. 0. See under Ckristiania, Sontay ; Zoological MtMeam, 
Scammon, Capt. C. M., U. S. Revenue Marine. Specimensof baleeu from 

three species of whales; skull of Orca; skeletou of striped porpoise, 

(Lagenorhynclivs obliquidens;) embryo of Baird's poTiioi^., {Delphinua 

Bairdii;) wbale'u skeleton, &c, &c. ; all from the Pacific Ocean. 
Schneider, A. P. Two specimens of common mole [Hcalops aqualicus) 

from Falls Cbnrch, Va. 
Schoolcraft, Mrs. H. R. A speeiiueu of " soap-tree" wood from Cbili ; 

one flint arrow-head and specimeu of Indian weaving from Arizona ; 

specimeu of Indiau matting from Duraogo, Mexico. 
Schumacher, Paul, U. S. Coast Survey. A collection of marine iuvcrte- 

brut«8 from California ; a collection of ethnological specimens from 

San Luis Obispo, Cal. 
Seely, Commander H. B., U. 8. S. One specimen of porcupine fish 

{Paradiodon hystrix) from Fort Jeflerson, Fla. ; skins of mammals from 

Europe. 
Seybotk, Robert, U. S. Signal Service, through U. 8. Signal Office. Two 

bottles of insects from the summit of Pike's Peak. 
Shaw, -latnes. One box of fossils from Mount Carroll, 111. 
Shcpard attd Weston. Fresh specimeu of uamaycusb {Salmo nemaycusk) 

from Bay City, Mich. 
Shepard, Prof. C. U. Two jars of fishes from Cuba. 
Shepherd Bros. A box of pebbles from Warren Co., Iowa. 
SilUntan, Prof. Benjamin. Specimens of priceit«, gold, and zircon, from 

California. 
Sipa, George, and Sons. One specimen of peacock-coal from Allegheny 

Co., Pennsylvania. 
Slack, Dr. J. H., Sew Jersey Commissioner of Fisheries. 8i)eciniena of 

young and embryonic California salmon (Salmo quinnat) from Trout- 
dale hatching- house. 
Slagle, John W. Oue box of stone implements from Cougaree Kiver, 

South Carolina. 
Smith, J. Lawrence. Specimens of limestone-rock from Louisville, Ky. 
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iSmith, R. K. Silver-ores fix>m ArkauBas. 

Snyder, Dr. J. F. One box of leaf- shaped stone implemeots from Beards- 

towD, Cass Co., 111. 
Stabill, Joseph, through Tarleton H. Beao. One tortoise-shell ear-ring 

from the Fejee Islands. 
Steams, R. B. G. Seeds of coiiiferoas trees from California. 
Stanberger, Col. A. B., fecial Agent State I>epartment U. H. Collections 

of ethnological and botanical specimens and majine invertebrates, 

IHdunculus, sp., and other birds from the Samoan Islands. 
Sternberg, Ckarlea S. Specimens of ammonites from Ellsnorth Co. 

Kansas ; fossil plants from Fort Harker, Kans. 
Stecens, Ri P. Specimens of Deroniau plants from Bocbingbam Co., 

Virginia; gold-ores from Venezuela; Indian mulling-stoue from Vene- 
zuela. 
Stevenson, Frof. J. J. Two stone chisels from West Virginia and Colo- 
rado. 
Sterenton, Jamea. One skin of mule-deer, (OerciMniocro^;) a specimen, 

in the flesh, of puma {Felis concolor) from Colorado. 
Stilicell, E. M., Maine Commissioner of fwftmeg. One specimen of cusk 

{Lota maculosa) from Moosehead Lake, Maine. 
Stone, Gen. C. P. Casts and squeezes of Egyptian antiquities. 
Stone, Livitigston. A collectiou of alcoholic fishes from the Sacramento 

Hiver, California ; specimens of Salmo, sp., ttom Dublin Pond, Keene, 

N. H. 
Stratton. L. Specimens of marine algie from Cape Flattery, Waabiog- 

ton Territory. 
Streets, Dr. T. Hale, U. 8. Steamer Portsmouth. See under Washington, 

KoDg Department. 
Stuart, William R. One Indian calnmetfrom AogustaCo.,Va., [through 

Hon. P. H. Hereford.) 
Sumickrast, Prof. F. A collection of birds from Mexico. 
Sutherland, John. One specimen of lump-fish (Cyeloptervs lumpus) fhjm 

New York Harbor; one specimen of Zoarces anguilbtria from New 

York market. 
Sicatt, James Q. A collection of ethnological specimens, Indian stone 

implements, from Washington Territory. 
Tegetmeier, W. B. Mounted specimens of ponltry-sbins and skulls from 

England. 
Thompson, John A. Vegetable pleistocine remains from Jersejville, Jer- 
sey Co., 111. 
Thomson, J. E. Specimens of fishes from Kew Bedford, Mass. 
Thompson, J. K. Specimens of wood from Iowa. 
Tisdale, E. J. One specimen of painted bunting {Cyanospiza ciris) from 

Moore vi lie, Ala. 
Turner, Lucien M., U. S. Signal-Service. Colled ion of birds and eggs 

from Oonalasfaha and Saint Michael's, Alaska. 
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Van Fleet, Walter. One specimeo of Blackburoiaa warbler {Oendroica 
Blackburnue) and scarlet tnoager (^ratiga rubra) &om WatsoDtown, 
Pa. 
Velie, Dr. J. W. See Chicago Academy of N^atural Scienoea. 
Vienna, Austria; Zoological Museum; Dr. L. Reettenbacher. A collection 

of skiDS aad skelet'ODS of mammalB and birds. 
Wahl, Dr. W. H. Ooe Hpecimen of asbestos from Philadelphia, Pa. 
WalU>aumy A. Ooe speciiuec of crystalliue limestODe from SagetowD, 

III. 
Walker, Corner J. Q., U. S. N. Ooe lot of fossil shark's teetb from 

Cbarlestou, S. 0. 
Wallace, J. Oue Hpecimen of snowy owl {l^yctea nivea) from New York 

market. 
Walton, W. F. Specimeos of silver-ores from WLite Pine District, Nev. 
Washington, D. C. : 
Department of Slate, V. 8. A., United States Survey of the Norlkern 
Boundary, {Son. Archibald Cam^>ell, Commissioner.) Zoological, 
botanical, and ethnological collections made by Dr. Ellidtt Coves, 
naturalist of the expedition; skeletons of elk, [Cervus /mnadensit,) 
and beaver, (Castor canadensis,) collected by Capt. W. L. Carpenter, 
V. S. A. See elsewhere, under the names of CoL Nicolas Pike, 
Charles Weile, and William L. Fieraon, U. S. Consuls, and Col. A. B. 
Steinbei^er, Special Agent. 
Treasury Department, U. S. A. See nndor the name of H. W. Elliott. 
United States Revenue Marine. See elsewhere, nnder the names of 

Capt. C. iT. Scammon and M. B. BroicSt. 
United States Coast Surrey. See nnder the names of A. W. Chase, 
William S. Dall, and Paul Sehumat^er. 
War Department, U. 8. A.: 
United States Army. See under the names of Gen. M. C. Meigs, 
Gen. B. B. Clitz, Gen. A. McD. McCook, Capt. Charles Bendire, 
Capt. W. L. Carpenter, and lAeut. G. 21. Wheeler. 
Surgeon-GeneraPs Office, United States Army Medical Museum, {Dr. 
G. A. Otis in charge.] Ethnological specimens from Pembina, 
Dak. ; one stone hammer ; one Ot6 necklace of human toes ; oue 
skin bag. See, also, nnder the names of Drs. Elliott Coues, Peter 
Moffatt, B. C. Yarrow, G. S. Oldmixon, CItarles A. Sart, and J. T. 
Bothrock, medical officers United States Army. 
Surreys west of the one hundredth meridian, Lieut. Q. M. Wheeler in 
charge. General zoological and botanical collections made by 
Dr. S. C. Yarrow, Dr. J. T. Rothrock, Mr. B. W. Jlenshaw, and 
Dr. Oscar Loetc. 
Signal-Service U. 8. Army. See under the names of Sergeants Rob- 
ert Seyboth and Lvcien M. Turner. 
Navy Department, U. S. A. : 

U. S. Navy. See under the names of Com?r J. G. Walker, Corner 
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Murray, Com'r Skerritt, Corner Beelye, Admiral Jeakina, Com'r L. A. 
BeardsUe, Com'r Oeorge Dewey, Com'r 0. E. Belknap, William Rvt- 
sell, Mr. Quevedo. 
Bureau of Navigation, Commodore Daniel Ammen. SpecimeuB of 
dredgings lh>m the coast of California, United States Steamer 
Tuscarora, Commander O. E. Belknap ; zoologicul aud botanical 
collectious from the coast of Lower California, tlie Gulf or Cali- 
fornia, and the Beviligigodo Islands, United States Bteamer liar- 
rangantett. Commander Oeori^ i>etc^, collected h^ SvrgeonWilliam 
Everai zoological, botanical, and ethnological collections, from 
Palmyra and other Polynesian Islands, United States Steamer 
Portamouth, Commander J. S. Skaritt, collected by Surgeons Wil- 
liam H. Jonee, and T. Bale Streets; nine specimens of bottom- 
soundings from the Qnlf-coast of Mexico, United States Steamer 
Fortune. 
Polaris Expedition, Capt. C, F. Sail. One skeleton of polar hear 
( Unus maritimus) from Greenland, collected by Dr. Emit Bessels. 
Interior Department, U. S. A. : 

General Land-Opce. See nnder the names of Sumeyors-Oeneral L. 

Bard&^urgk and John Wasson. 

United States Geological Survey of the Territories, (Prof. F. V. Hayden 

in charge.) Four boxes of minerals from Colorado, collected by 

Dr. F. M. Endlich. 

United States Commission of Fish and Fisheries, (Prof, Spencer F. 

Baird, Commissioner.) Sixty boxes general zoological collections 

from Noank, Conn., aud vicinity, by Prof., A. E. Verrill, Q. 

Brown Qoode, and Tarleton H. Bean ; one barrel of zoological 

specimens from Holyoke, Mass., collected by J. IV. Miiner and 0. 

D. Oriawold; fishes from Wankegan, III., collected by J. W. Milner; 

three boxes of Salmonidw from Sacramento Biver, Cal., collected 

by Livingston Stone; eggs of white-fish (Voregonvs albvs) from 

Michigan, collected by N. TV". ClarJc; eggs of salmon (Salmo aalar) 

from Bucksport, Me., collected by C. O. Atkins; fifteen boxes of 

zoological specimens from Wood's Hole, Mass., and Cape Cod, 

collected by Vinal N, Edwards ; models of dory ased on the coast 

of New England, and of drying-fiakes, from Portland, Me.; one 

model of fish-way from James D. Brewer, Muncy, Pa. 

Smithsonian Institution; Survey of the Colorado, (Maj. J. W. Potcell 

in charge.) Four boxes of fossils from Colorado. 
Department of Agriculture, (Hon. Frederick Watts, Commissioner.) One 
specimen of Meju^oma alleghanienais ; one bottle of reptiles. 
WoMSon, John, U. S. Surveyor-General for Arizona. One package of 
minerals from New Mexico, and silver-ores from Santa Torrens mine ; 
minerals from Keystone mine, Arizona. 
Waterhouse, Dr. A. A collection of butterflies from Chautauqua Co., 
K.T. 
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W^b, John S. Que specimen of white weasel {Putorius nov^mracetina) 

from Chuckatack, Va. 
Webster, Prof. E. E. A coIlectioB of fisbes in alcoliol from Eastern 

Shore of Virginia. 
Weite, Charles, U. 8. consul. One specimen of boa (" Tigre") in alcohol 

from GuayaQuil. 
Wealesati University, See under Middletown. 
Whitaker, James C. One Indian vase from Baldwin Co., Georgia. 
Wilkinson, A. 0. A collection of fishes from British provinces. 
Williams, D. E., M. D. A collection of ailver-ores from Nortiiem 

Mexico. 
Williams, Mito 0. A collection of plants from Ohio. 
Williamson, Thomas. Specimens of fossil ferns and leptdodendm from 



Wilson, J. K. Collection of minerals, for examination, from Forest City, 

Mo. 
Wing, Melvin. One stone implement from Mount Vernou, Ohio. 
Wood, Atigust H. One skull of the Virginia deer (Cariaetts virginiamus) 

from New York. 
Wright, Bryce M, Onecast of a bird's head (Odontopt€ryxtoliopica)tTom 

the London clay, Sbeppey, England. 
Wright, D. T, A collection of crania and Indian relics from Clarksville, 

Teun. 
YarroK, Dr. E. 0. Specimen of cod (Oadus morrkwa) from Ifew York; 

seven bird-skins from the Alps, Switzerland ; Juniperus from Arizona, 

and bird-trap from France. See also under Washington, War Depart- 

■ment, Surveys icest of the one hundredth meridian. 
Tates, L. 6, Casts of teetb of the fossil elephant (Mastodon) from 

Solano Co., Cal. 
Yeager, F. M. A collection of minerals from Pennsylvania. 
Zoological Society of Philadelphia. Fresh specimen of yak, (Poephagus 

grunniens.) 



^d by Google 



DEPOSITS IN COBCOBAK AET-GALLERY, 



LIST OF ARTICLES DEPOSITED BY THE SMITHSONIAN IN- 
STITUTION IN THE COECOBAN AET-GALLEBY, WASH- 
LNGTON, 

1. Portrait of tbe late Hon. William G. Preston, of Sonth Garolioa, 
bj G. P. A. Healy. 

2. Portrait of the late Ex-President John Tyler, of Virgiuia, by G. P. 
A. Healy, 185&. 

3. Full-tengtb portrait of M. Guizot, of France, by O. P. A. Healy. 

4. Cast of a bas-relief of " Phcebus," f^om a marble found iu the ruins 
of ancient Troy, in 1873, by Ur. Schljemaun, of Athens, Greece, who 
presented it to the Smithsonian lostitation. 

5. Marble head of Diana, (aatiqae.) 

ENQRATINGS AND ETCHINGS. 

1. Lion^s and Yoang, Eugraviug, by J. F. Bidinger. 

2. Two engravings of deer. Engraving, by J. F. Bidinger. 

3. Silenns. Lineeugraving, by Bolsevert, 

4. Hercules. Liae engraving, by Botteseler. 

5. A Centaur instructing Achilles. Line engraving, by Bervic, after 
Begoault. 

0. An Interior. Line eograving, by Viacher, after Ostade. 

7. A Family Concert. Line engraving, by J. G. Wille, after G. 
Schalken. 

8. Holy Family. Line engraving. (Artist unknown.) 

9. Holy Family. Line engraving, by B. Desnoyers, after Baphael. 

10. Aurora. Line engraving, by Baphael Morgben, after Guido. 

11. An Old Beggar. Mezzotint, by Townley, after Dance. 

12. Christ Healing the Sick. Eti:hing. (Artiat unknown.) 

13. Cows. Etching, by Boos. 

14. Horses, (two.) Etching, by Paul Potter. 

15. Eleven etchings, by Rembrandt. 
IC. Fireside. Etchings, by Boissiou. 

17. Goats, (two.) Etchings, by Berghen. 

18. Eleven etchings, by Ostade and others. 

19. Twelve etchings, by Glodowiecki. 

20. The Nativity iind Adoration of the Kings, by Henrich Goltzina. 

21. Bruggemann Album of Photographs, illustrating the altar screen 
iu the cathedral at Schleswig. 

22. Photograph of a Memorial Tablet, executed in wood, by P. Claur- 
ren, of Satmp, a plain fanner. 

S s 
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INDIAN V0CABULABIE8— CHOEEA, 



LIST OF INDIAN VOCABtTLAEIES RECEIVED FROM THE 
WHBBLBB EXPEDITION. 



1. Appendix to vocabularies of 
seven IndiaD languages. 

2. ShoBbone. 

3. Pi-Ot«. 

4. Pah-Ute. 

5. Pah-Ute. 

0. TJte and Pab-vaats. 

7. UojavS. 

8. Hualapaia. 

9. Ute. 



10. Ar-i-vai-po. 

11. Acoma Pneblo Indians. 

12. Goban, (Touto-Apacbes.) 

13. Shosbone. 

11. Isletta, (Pueblo.) 

15. Teboa, (Pueblo.) 

16. Apacbe. 

17. Moqnis. 

18. Navajo. 

19. Vallatoa, (Gome?., Pueblo.) 



CIRCULAR IN REGARD TO THE DISEASE KNOWN AS 
" CHOREA." 

Smithsonian Institution, 
Washington, D. C, January 1, 1876. 
Dr. S. Weir Mitchell, ao eminent physician and pbj-siologist of Phi!- 
adelpbia, asks the assistance of the Smithsonian Institntion in obtain- 
ing aoy facts in regard to the disease known as chorea, or Saint Vitus's 
daoce, and for this pnrpose has prepared the accompanying series of 
qnestioDS. 

The special object of the inqniry is to ascertain whether the assertion 
that black children are not affected with this disease is correct. 

Any data on this subject may be addressed to either the Smithsonian 
Institution, Washington, D. C, or Dr. 8. Weir Mitchell, 1333 Walnut 
street, Philadelphia. 
Aa early information as possible is desired. 
Respectfully, 

JOSEPH HENRY, 
Director Smithsonian Institutioa. 



1. To what extent do yon see chorea (of childhood) among whitesT 

2. Is it found more in one locality than anothert 

3. At what season do the attacks comef 

4. How often have you seen chorea in blacks of pnre breed 1 If pos- 
sible, give oases. 

5. How common is it in mulattoesf 

If yon can get answers from other physiciaos, in additioo to your own, 
it will be desirable. 

S. WEIR MITCHELL, M. D. 



LITEBABT AND SCIENTIFIC EXCHANGES. 
Tai>U ahomnp the statistics of the exchanges in 1874. 



Agent and country. 


i 

M 
1 


1 
1 


1 
1 


Eoyal Swedish Academy of Sciences, StMkholm : 


5 
4 
S 

' 
5 

' 
40 

U 

3 

30 

11 
2 
3 

1 
1 


35 
30 
20 
50 
3& 

35 

260 
80 
20 

220 

80 
14 

20 

7 

7 


1,050 




Boyal Univereitj of Norway, Christiaaia; 


600 


L. Watkinsit Co., St. Pete'raVurg ; 


1,500 


Frederic MUIler, AmBterdam: 




1,050 

8,400 
2,400 


Dr. Felix Fliigpl, Leipiic : 


Gnsiave Boasancu, Paris: 


U. Hoepli, Reale Istitnto Lombardi di Scienio e Letters, Milan : 


Wiltiam We«)ey, London : 

Great Britain, British posaeseions in Asia, Africa, Slc 

Other parts of the world : 


6,600 
2.400 






















131 


933 


27,990 





Besides the^e, smaller packages aud live animals were sent to Ger- 
maDy, Euglaud, &c. In all, over ten tboasaod parcels^ addressed to 
iiistitntioDS and individuals, were distribated. 

Ooremment exchanges. 



To Japan 5 

ToChiU 3 

Total 18 
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LITEBABT AND SCIENTIFIC EXCHANGES. 



MobiU : 
Barton Academy 1 

TasoaUota ; 

Hospital for the Insane . 1 

University 1 

ARIUNSAS. 

lAttU Bock : 
InBtitDtion for Educating the Blind 1 



Califomia State Agricnitnrsi Society 1 

Qeological Survey of California 1 

Son Franeitoo : 

Agricultural Society 1 

California Academy of Natuiol Soi- 

encee 62 

Mayor of tbe city of San Francisco.. 1 

Uercanttla Library AiiBociation 2 

Stockton : 

State Lunatic Asylum 1 

CouDectlcntStatflAgricnltDral Society ] 

Betreat for the Inaaue 1 

State Library 2 

Young Men's lUBtitnte 1 

» LUch^eld: 

Spring Hill iDstitutioa 1 

' Middlttmtiti : 

OeDeral Hospital for the Insane 1 

New Haien : 

Ameticau Jonrool of Science and Arts 54 

American Oriental Society. 32 

Connectiuut Academy of Arts and Sci- 
ences 86 

Museum of Yale College 1 

Sheffield Scieuti&o School 1 

Yale College 26 

Xoraidi : 

Otis Library 1 

DISTRICT OP COLUMBIA. 

Georgetown : 

Georgetown University 7 

WtuAingloit : 

Agriculture, Department of .. 138 

Board of Indian Commissioners 2 

Bureau of Navigation 3 

Bureau of Ordnance 4 

Bureau of Statistics 23 

Census Bnrean H 

Coast Survey 62 

Columbia Hospital for Women 1 

Columbia Institution for the Deaf and 

Columbian University..-. 2 

Commiseiooer of Edocation 3 

Engineer Department 2 



Washtm GTON, D. C. — Continned. N 
Geological Snrveyof the Territories.. 

German Beading and Chees Clnb 

Hospital for the Insane - 

Howard University 

Hydrograpfaic Office 

Int«rior iMpartment 

Land-Office 

Library of Congress < 

Light-House Board 

Medical Society of the District of Co- 

Inmbia — . ■- - 

National Academy of Science 

National Deaf-Mute College 

Nautical Almanac Office 

Navy Department ..-. 

Observatory ' 

Patent^Office 1 

Publio schools - 

Signal-Office 

State Department 

Surgeon-General's Office 1 

Sw^isb-Norwegian legation 

Territorial Legislature 

Treasury Department 

War Department 

Young Men's Christian Association- . . 
FLOBtDA. 

Tallahasiee : 

Academy 

GEORGIA. 

Athene ; 
Hospital fur tbe Insane 

Atlanta : 
Atlanta University 

MiUedgeville : 
Hospital for thu Insane 

Otford: 
Emory College 

Savannak : 

Chatham Academy 

ILLINOIS. 

Btoomington : 
Ulinois Natural History Society 

CarbendaU : 
Soatbem Illinois Normal Unlvenity.. 

Chicago : 

Chicago Academy of Sciences.., 

Chicago Board of Trade 

Chicago Publio Library 

Dearborn Observato^ ■ • .... 

Mayor of the city of Chicago 

Yonng Men's AsBOciation Library.... 

Elgin: 
Hospital for the Insane 

Evantton ; 
Northwestern University . 

JackeonvilU : 
Illinois Hospital for tbe Insane 



Ln-ESABT AND SCIENTIFIC EXCHANOES. 
Ptu^eagea received by the Smithsonian Inatitutitm, <&e. — Gontinned. 



iLUSOLS — C0Dt)DU«d. 



No. 



Uercantile Libtar; 1 

Academy of Sciences 

StatoLibiary 

INDUNJ. 



Zodiaoa UDlTersitf .. 

. ..„ rev c 

Hospital for the Ini 

Jndiao a Horticultural Society 

Indiana loatitutioa for Deaf-Mutes.-. 
Indiaua InstitntioD for Educating the 

Bliud 

Indiana State Library 

.y«u Albany ■ 
Theological Semioary 

IOWA, 

Burlingion : 
Barliugtou Uuiversity 

Da Moina : 
State Library 

Dubuque : 
Germau Theological Seminary 

Hospital for the Insaue 

lotna City : 

Geological Survey of Iowa 

Iowa State University....... . 

Mount Flauant : 

Hospital for the lusaue 

■Weafeyan University 

KANBAS. 

LawnuM! 
University 

OMatRt(iimt« .- 
HMpital for the Insane 

Tapeka: 

Kansas Academy of Science 

g"""" State Library 

KSKTUCKY. 

Danville: 
Theological Seminary 

FranlffoH : 

State ceologist of Kentucky 

State Library 

Third Keotucli; Hospital for the lu- 

Hoblft Station : 
Hoepitat for the Insane 

Hopkimville : 
Second Kcntuclty Hospital for the In- 



Kentdcky— Continued . 

Ltxington : 
First Kentucky Hospital for Insane. - 
Kentncky University 

ButteMlU ! 
Bethel College 

ShelbyvHh : 
Observatory of Shelby College 



Baton Bouge : 
AcadoQiy 

Clinton .- 
Louisiana Insane Asylnm 

Nem Orleani : 

Lyceum Library 

Mayor of the city of New Orleiitis 

Neir Orleans Academy of Natural 

Sciences 40 

State Library 

Augu»la -■ 

Hospital for the Insane 1 

State Library 3 

Bangor ; 
Commissioner of Fisheries 2 

JJmnvwkl: -■ 

BondoiD College 3 

Historical Society of Maine 3 

Portland : 

Commiasinnet of Fisheries I 

Portland Society of Natarol History . . 3S 

Waterville : 
Waterville CoUeKe 2 



Jnnapolit : 
Maryland State Library 

Ballmore : 

Loyola College 

Maryland Historical Society 

Maryland Institute 

Mayor of the city of Baltimore 

Mercantile Library 

Newton University 

Odd Fellows' Library ..-- 

Peabody Institute 

Saint Mary's College 

Catonmilte ; 
Maryland Hospital 

BodiTilU: 
Bockville Academy 

HASSACHUSETTS. 

Amiertt : 
Amherst College 

Jndovor : 
Theological Seminary 

BotUm: 
American Academy of Arts and Sci- 

American Social Science Association. 

American Statistical Association 

American Unitarian Association 

Board of State Charities 



70 LITBHAET AND SCIENTIFIC EXCHANGES. 

Packaget received by the Smiihaonian Institution, dx. — Oontinned. 



BoSTOtr, Mass.— Continned. N 

BoetoD ACheDfenm 

Boston Hospital 

BiMtoii Hospital for the Ina&oe 

Bo8t«D Society of Natnral Histoiy 2 

Bo IV di tell Library 

Bureau of Statiatics of Labor ... .. 

CliriBtian EiamiDer 

CtiriatiaQ Register , 

GyuiecolosiciLl Sooiety 

TlouHe uf CoirectioQ 

McClean Hospital for tlie Insaae 

Masaacbusetta Historical Society 

Uosaacbusetts State Library 

Mayor of tbe city of BoBtOD 

Uedical Society 

Mercantile Library 

New Eagland Hiatoric Genealogical 

Society 

PeikJnB iDBtitatioD for the Blind .... 
Public Library 

Cambridge : 

Atbcnieum 

Harvard College 

Harvard College HeTbarium 

Harvard Collefre Observatory ...... . 

Law School Library 

Museum of Comparative Zoology.... 
Theological School Library 

Jamaica Plain : 
BuBsey Institation 

XeictoH Centre . 
Newton Theological Institut« 

yorthamplo* : 
Clarke loBtitntioQ for Deaf-Untes 

American Association for the Ad- 
vancement of Science . -- 

American Naturalist 

Essex loBtitnte ... 1' 

Peabody Academy of Science 

Taunton : 
Hospital fur the Insane.. . ... 

WiUiamilovm : 
Williams College 

jrorcesier : 

American Antiqnariao Society I 

Free Institate of Technology 

Hospital foi the Inaane 

Worcester Academy 

Observatory 

University 

JMroit: 
Michigan State Agricnltaral Society. 

Public Library 

Seview of Medicine and Pharmacy .. 
Saint Philip's College 

Kalamazoo : 
Hospital for the Insane 

Laiuing ; 
Uichigan State Library 



MINNESOTA. N 

Minneapoli* : 
Minnesota Academy of Natural 
Sciences 

Saint Paul : 

Chamber of Commerce 

Minneeota Historical Society 

Mionesota State Library 

Saint Pelere : 
Hospital for the Insane 

MISSISSIPPI. 
Clinton : 
Mississippi College 

Hospital for (he Insane 

Orford: 
University 

MISSOUHI. 

Calamfria ; 
UniTersity of Missouri 

Fnltoa ! 
Hospital for the Insane 

£aint Leuit : 

County Hospital for the Insane 

Hospital for Chelnsaoe, (St. Vincent's) 

Latv Library 

Mayor of the city of Saint Loals 

Public School Library 

Saint Louis Academy of Science ! 

State Board of AgrI culture 

State Bureau of Geology and Mines.. 

University of Saint Louis ' 

NBBBASKA. 

Omaha: 
Hospital for the Insane 

NEW HAMF8HIBE. 

Concord : 

Hospital for the insane 

New Hampshire Historical Society.. . 
State Library 

Ezettr: 
Phillips's Exeter Academy 

HaaoTtr : 

Dartmouth College 

Dartmonth Observatory 

MandteMer : 

City Library 

NEW JEKSET. 

Burliogton : 
Bnrlingtoo College 

Heboktn : 
Stevens Institute of Teohnology 

^irai Bmntwick : 
Geological Survey of Nen Jersey 

Princeton ; 
College of New Jersey 

SaUm: 
Salom Academy 

Trenton : 
State Insane Hospital 



DMzed.^GoOglC 
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Packages received by the Smithsonian Inatitution, &c. — Oontmned. 



Albany InMitDt« 

Dpdley Obsen-atory '. 

Insaraace Depatlment 

New York State AzrEcuItnral Society. I 

New York State Library 

New York State Medical Society 

New York State Mnseam of Natarut 

History 

New York State University 

State Board of Charities 

Criminal Hospital for the Inaaae 

Ttwological SemiDOt; 

Blafikwetr» liJand : 
Citj Hospital for the Insane 

Brooklipi : 
Hervantll« Library 

Buffalo: 
BaSalo Society of Natnrol SoieDces.- 

Groerenor Library 

Institotioti for the Deaf and Dumb... 

Medical ntid Suq^ical Journal 

Young Han's AsBociation . 

CaaloH : 
Saint Lawrence University 

CfiMfan : 
Litchfield Otiservotory of HamiltOD 
College 

Flatbutk: 
Kiagi County Boapital for the Insane, 

Hamilton .- 
Uadisou University 

Comell College 

JaateaUnen : 
Jamestown Microscopical Society--.. 

Wesleyan Seminary 

Unebargh : 
Theologicul Semiuiu^of thoAsaociate 

Befomied Churcb 

A'ew Torkx 

American Bible Society 

Ain«icau Burena of Mines 

American Chemist 

American Geographical and Statistical 

Society 

American Institnte 

American Institute of Architects 

American Museun) of Natural History 
American Society of Civil Engineers. 
Anthropological Institute of New York '. 

Apprentices' Library... 

Astor Library 

BaTuian consulate 

Bloomingdsle Hospital for the Insane 

City Hospital fur tbe Insane 

Columbia College. 

Enjtineering and Mining Jonrnal 

Episcopal Theological Seminary 



New York, N. Y.— Contlnaed. No. 

Institution for the Blind 3 

Journal of Mining and Eaginecring.. 1 

Jonrnal of Psychological Medicine J 

Liberal Christian 2 

Lyceum of Natural History t«7 

MaDufactnrer aod Builder 7 

Mayor of New York 1 

Medical Joornal 1 

Medical Kecord 1 

Mercantile Library Association 3 

Metpopolitao Board of Health 1 

New York Academy of Medicine 4 

Hew York Handel- Zei tun g 1 

New York Historical Society 9 

New York 'I'ribune 1 

Observatory . 1 

Prison Association 1 

Boyal Swedish- Norwegian consulate. 1 

Sanitarian 10 

School of Mines 9 

Union Theological Seminary 1 

United States Sanitary Commission.- 10 

University of the city of New York.. 4 

Poughkeeptie : 

Hudson River Insane Hospital I 

Tasaar College S 

BandalVt hiand : 

House of Befnge . . 1 

A[>cJi««'er: 

Theological Seminary 1 

University 1 

Schencclods ; 

Union College 3 

Marshall Infirmary 1 

I7(iai.- 

State Lanatic Asylum 1 

ITanTs IiUmd : 
Ward's Island Emigrant Hospital for 

the Insane I 

NORTH CAIIOLLV A. 

Ckaf>d mu .■ 

UniveiBity 1 

Daridton CoUrge : 

College Library 1 

Italrigh: 

Hoapital for tbe Insane I 

IVinil^ College ! 

Theological School.-.. 1 

Ohio University 1 

Carthage : 

Longview Hospital for the Insane... 1 

Cincinnafi : 

Astronomical Observatory 18 

Hamilton Coanty Lanatic Asylum.. . I 

Mayor of tbecity of Cincinnati I 

Mercantile Library Association 2 

Ohio Mechanics' Institnte 1 



72 UTEBABT AND SCIENTIFIC EXCHAN0E8. 

Packages received by the Stnilhaonian Institution, &e. — Cootinned. 



CiKCiMNATi, Oaio—CoDtinaed. 



Univeraity . . 
Colamfna : 

Geological Survey of Obio 

HorticDltnral Society 

Hoapitalfor the Idbadb 

Ohio State Board of Agrioallare 

Ohio State Library 

Hospital fot theluiane 

Delaaan : 
Ohio Wesleyaa UniTerutr 

Gambwr.' 
EeoyoD College 

Granville : 
Dennison University • 

NeiB Atheni : 
yraakliD College — 

2fe«>bHTgh ; 
North Ohio Lunatio Asjlnm 

North Betid : 
HotCicaltural Society of Ohio 

Obertin : 
Oberlin College 

Springfirld: 
Wittenberg College 

Tiffin: 

Heidellwrg College 

Tbeologicat SeOtiaary of the Qenuau 
Beformed Church 

OKGOOK. 

Portland! 
Hospital for the iDsane 



Allegheng : 

AlleRheny Observatory 

Western Stat« Penitentiary of Penn- 
sylvauia 

Western Theological Seminary 

DanvilU ; 
State Hospital for the Insane 

DvnHOnt : 

WeBtern Hospital for the Inaano 

La&yette College 

Oeiiysburgh ; 
TbeoloKtcal Sooituary.. 

Barritburgk ; 

Adjutant Oeoeral 

Harrisborgh Academy 

Medical Society of the State of Peun- 

Bylvaoio 

State Library 

KMfvate : 
Woodbiook Retreat 

Mercertburgk ; 
Theological Seminary of the Clerman 
Beformed Church 



PBNMeYi.TAKiA — Contioned. 



No. 



Fhiladetphia: 

Academy of^Natnral Sciences 197 

American Entomotogicol Society 10 

American Joornal of Conchology... 

American Philosophical Society 119 

Board of Public Education 

Central High School 3 

Franklin Institute 43 

American Pharmaceutical Associatioa 34 
Department for the Insane, Alms- 
Friends' Insane Hospital 

German Society Library 

Girard College 

Historical Society of Pennsylvania... 

House of Refage 

Library Company 

Library of PeonsylvaDia Hospital 

Mayor of the city of Philadelphia 

Medical Times : 

Pennsylvania Hospital fbr the Insane 
Pennsylvania iDStitntionfot the Blind 
Pennsylvania Institution Ibr the Deaf 

and Dumb 

Society for Alleviating the Miseries of 

Public PrlsonB 

University of Pennsylvania 

Wagner Free ln8titnt«of Science 

Pilttburgh : 
German Library 

Sh/tron ! 
Observatory 

Souih Bellkltlien: 
Lehigh University 

Washington : 
Washington College 

RHODX ISLAND. 
Ftovidenee : 

Athonienm 

Brotrn Univeisity 

Butler Hospital for the Insane 

Rhode Island Historical Society 

eOUTH CAEOUM*. 

CharUttim : 

Charleston Library Society 

Elliott Sooiuty of Natural History 1 

South Carolina Historical Society 

Columbia : 

South Carolina College 

Theological Seminary 

TRNNBSSEK. 

ColunMa .- 
Jackson College 

Eniaville : 
East Tennessee University 

L^ianon : 
Cumberland University 

Marytville : 
Bonthireet Theological Seminary 
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Packages received by tke Smithaonian Itutitutum, dto. — Contiuaed. 



Tennbssbe— CoDtlnned. No. 

Iftuhville ! 

Hospital for the InsaDO.... 1 

Inatitution for the Blind 1 

VDiTenitj 1 

TBXAS. 

Hospital for tbe Inauie 1 

CKappeUHiU: 
8oal6 UiuTerBit; 7 

tlTAH. 
Sail Lake Cits: 
Univenitf of Deseret 1 

VEBUOMT. 

Brittct: 
Orleans County Society of Natnral 
SoisDces 28 

BurlinglOB : 
Uoirereit; of Vermont 3 

Moutptlier : 

State Libtary 6 

vataanA. 

ChaTlotUtiilU : 
Dniveraitjrof Tii^nia 3 

Ewiorg: 
Emory and Henry CoUege 1 

Fair/ax : 
Theological Semiaary 1 

Hampden-Sidney : 
Cnioa Tlieologi col Semi naty 1 

RidimoKd: 

Uedical Society of Tirgioia 1 

BichmoDd College I 

8ute Library 4 

Univeraity 1 

Slaantim : 
Western lOBaoe Hospital 1 

Waton: 
West Virginia Hospital for Uie Insane . 1 

Willianuburgk : 
Eastern Insane Hospital 1 

BtUnl: 

Beloit College 1 

JtMtialU : 
WiHWDsin Institntion fi>t the Ednca- 
tion of the Blind 6 

Hospital for tbe Insane 1 

State HiatoricoISociety of Wisconsin. 6 

DniveTsity of Wisconsin 1 

Wisconsin Academy of Sciences, Arts, 

and Letters 10 

Wisconsin State Ai^cnltnral Society. 16 
MiltecMkte: 

Catholic Seminary 1 

Natural History Society 3 



WiacoKsm— Continued. No. 

SoandinBTiDn Library Association... 4 

Oihkoth: 

Northern Hospital for tbe Insane.... 2 

Sadaei 

College Library 1 

WaSBINGTOM TKRRITORV. 

SteiliuxHrai; 

Insane Asylnm 1 

BRITISH AMEBICA. 

Ctutpft, Ontario 1 

Ontario School of AgricnltnTa. 3 

Kingttoit, Ontario: 

Botanical Society of Canada 1 

Ottaiea, Ontario: 

Academy of Natural Sciences 6 

Tonmto, Ontario : 

Board of AgricnItDTo 1 

Board of Arts and Uannfocturea 1 

CaDadian Institute 1& 

Commiaaioners of Agriculture and Arts 1 

Congregational Theologicallnstitnte. 1 

House of Assembly .... 2 

Knox College 1 

Literary and Historical Society 1 

Observatory & 

Toronto Qlobe 8 

Trinily College 1 

University of Toronto 2 

UaUfax, Nora ScoUa : 

Lit«raryand Scientific Society 1 

Nova Scollan Institute of Natural Sci- 

CAarlotfctotm, Frinee Ediaari 
IiUnd: 

Hospitalfor tbe Insane 1 

ChoMbly, Qutbeo: 

College Library 1 

Zennoxvitle, Qii«ko .* 

Bishop's CoUege 1 

Mmttrtal, Qii^>ec : 

Board of Agricnltnre and Arts 1 

Booid of AgricuUureof Loner Canada 1 

Canadian Lntomologiat 1 

College Library I 

Entomological Society 1 

Geological Sarvey of Canada 14 

McGilT University 1 

Natnral History Society 48 

Numismatio and Antiquarian Society. 1 

Saint Mary's College 1 

Quebec, Queitc .- 

Laval University 1 

Literary and Hlst«rical Society 9 

Seminary of Quebec 1 



ilized by Google 
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Packages received by tlu Smithsonian Institution, 4ic. — CDotinued. 



INDIVIDDAU. 

Abbe, Dr. Cleveland 5 

Agaeaix, Pror. A '" 

Allen, Prof. J. A 

Alpine, W.W 3 

Alvord, brig^Oen. BepJ 1 

ADgerer.A. W 8 

Anthony, Jab D O 2 

Babcock,Prof 1 

BaUneUtn, Prof. C I 

Baird.Prcf. H, M I 

Baird, Prof. S. P 58 

Baker, Dr. Joseph ............ 1 

BRDcrolt, Hon. Georffc .... .... 1 

BauniBter, Dr. Henry M 1 

Barker, Dr. Fordyce ..... 1 

Barlov, Hon. Francis C -. . 1 

Barnard, OeneralJ. G 3 

Barnard, Frof. F.A.P 1 

Bebb, M. S 8 

Bessele, Dr. Ewil I 

Bethuue, Rev. J. 8 3 

Binney.W, G 5 

Blake.Prof. W. P 2 

Bland, Thomas 2 

B!o<lBet,L 1 

Boardman, George A 1 

Bolander, Prof. H. N 2 

Borges, A. P.DeCarvalho ) 

Bowers, Rev. S I 

Brendel, Dr. F 2 

Brewer, Dr. T, M 

Brnsli, Prof, O. J 

Buckland, George 

Buckley, Dr ., 

Bnrbank, Prof. L. S 

Campbell, Prof. John 

Canby, W. N 4 

Carey, Henry C 2 

Carpenter, Dr. P. P 3 

Cluun, J. A 1 

Chandler, Prof. C. F S 

Chase, Phiny Earl 1 

Chiekering, Prof. J. W 1 

Clarke, J.L 1 

Clarke, Prof. P. W 1 

Coffin, Prof. J. H. C 3 

Conrad, T. A 1 

Cook, Prof. G<<ir|>eH 6 

Cooper, Dr. J, O 1 

Copo,Prof. E. D B 

Couea, Dr. Elliott 13 

Coi,E. T 10 

Cnrtis, Dr. Josiah...... 1 

Cnrtia, Rev. A 1 

Cartiss, Dr. T. B 1 

Cuttins, Hiram B 1 

Cutte, B. D 3 

Dall.W. H 8 

Dana.Prof. J. D 48 

Daniels, Dr 1 

Dan, General W 1 

Davids, H 1 

Dawson, Prof. J. W 5 

Dodge, Cbarles E 1 

Draper, Dr. Henry 4 



Indi viDU alb— Contiuned. 

No. 

Eastman, Prof 1 

Eaton, Dr. Daniel E S 

EMwards, H. W 2 

Ejtlestoo, Prof. T 4 

Elliott, E. B 1 

EIlis,J. B 1 

Emory, General W. H 1 

Endlich.Dr. F. M 3 

En^lmann, Dr. Geo 7 

Ericsson, Copt. John ... 1 

Fisher, Dr. G. J 2 

Foreman, Dr. E 2 

Fremont, General J. C 5 

Fricb, Rev, J. B « 

Gabb, William , * 

Grahaiu, Col '... 

Gale, Dr. L. D 

Gardner, Jas. A 

Geelmnvden, Bev.... ., ... 

Gentb, Dr. F. A 

Gerard. W.R 

Gilbert. G.K 

Gill, Prof. Theo 

Glover, Prof, T 

Goodall.G. L 

Guode, O. Brown 

Gould, Dr. B. A 

Grant, Gen. U. 8., Pieaident U. 8..., 

Gray, Prof. Asa 

Greve, T , 

Griffin, G. W 

Grinnell, Henry 

Gros8,Dr. S, W , 

Grote, A. R 

Gnyot, Prof. A 

Bageu, Albert D 

Ha8eQ,Prof. H 

Haldenian, Prof. 8, S 

Hall, Brigham 

Hall, ProT. Asapb 

Hall, Pt»f. Jas 19 

Halvoreeo, Rev. H 

Harper &. Brothers 

Hart, Prof. John S 

Haydeu.Dr.F. V 

Hedrick, B. 8 

Henry, Prof. Jos. . .. 

HilRard, Prof. E. W 

Hilgard,Prof.J. E 

Hiir,G. W 

UiQriobs, Prof. G 

Hitehoocb, Prof 

Hitchcock, Prof. E 

Hiiz,J •,.. 

Hjort, Eev. O. J 

Hoar, Judge E. H 

Hodge, Rev. Prof 

Holdeu. Prof. E. G 

Holden. William 

Houper.T 

Horn, Dr. Q. H 

lIoagb,Prof. F.B 

Howe, Dr. 8. G 

Howell, 8. B 3 

Humphreys, Genoral A. A 3 
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Packages received by the Bmithsoaian Institution, &c, — Contiaued. 



I KDi viDU ALS— Cootmaed. 

Ko. 

HnDt, T. Sterry 5 

Hy»M,Pror. A ' 1 

jB«atwan,Rev. A "i 

Jw)9, Dr. Edn-srd 30 

JewWt.CoI.E 4 

Kennedy, J. (i. C I 

KotT, Prof. W. C 1 

King, ClaxeDcu . .... 4 

KinKBton, Pruf, O. C 3 

Kir&tey, Otto. 1 

Kirchof, Theodore 1 

Klippart, John H 1 

Korea, Rev. V ■ 2 

KrohD, Rev. J 1 

Langley.Pmf 1 

Lftreen.Prof. L 2 

Liawretice, O. N 3 

Lea, Dr. Isoiu: 13 

L« BaroD, Williiuu 1 

Lo Conie.Dr. Johti L 18 

Lieidy.Dr, Joseph 14 

Leonard, Prof. T. If I 

Ledey, Prof. J. P 2 

Lesqnereui, Prof. L 3 

Liotner, J. 11 ..„, . 1 

Logan.SirW. E 4 

LoomU, Prof. E 9 

Loverinc, Prof. J 3 

Lymaii.Tlieodore 3 

Maack. Dr.G.A 1 

MacInlyre,T 1 

Hagelsen.Rev.C.F 4 

HaKelsoD, Rev. C has S 

Mation, Prof. J 13 

Marth, Prof. O. C 7 

Matile.G. A 1 

HcCbesQey, J. H 2 

HcUaatuTH, Maeaa 1 

McMnrlrie, Dr. W 1 

Meek.F.B 29 

HeigH, Dr. J. A 2 

Milner, J.W 1 

Mitchell, Maria 1 

Mohr, Cbarles 1 

Uorgan, L. H 3 

Uone, Prof. E. S 1 

Moree, Prof. E. T I 

Mnns, Bev. J. B 2 

Myer, OeDeral A. J 10 

N«wberry, Dr. J. 8 6 

Newcomb, Prof. S 7 

NewtoD, Pro£H.A 3 

Korris, Dr 1 

Koarse, Pruf. J 1 

Nye, Hon. Jas. W 2 

Oaker, Hod. L S 

Ohnsteod, Rev. L 1 

Orton.Pcof, J 1 

OaboToe, JoIjd W 1 

Ost«D Sacken, Baron 8 

OttewD.Ruv. J.A 2 

Packard, Dr. A. 8.,ir 14 

Paine, Dr. M 1 

Palmer, Dr. E 2 

FaiksT, Dr. Peter 2 



Individuals— CoDtla ned . 



No. 



Poale, Mrs. Franklin 1 

Peirce, Prof. B 3 

PeDDOck, Mrs. C 1 

Peters, Dr. C, H. F 6 

Post, J 1 

Pourtales, Count L. F. do — ... 5 

PreQBa,Bov. H. A fi 

Putnam, F.W 9 

Haosom, CoL L 1 

Basmussen, K»v. P. A'. S 

Ray, Dt. Isaac ■ 1 

Raymond, Dr. R. W S 

ReqnB,Eev.S. S 9 

Riil);eway, EubcTt 4 

Rilej, Chas. V 4 

Ritter, Dr. J 1 

Robertson, Dr. A 1 

Rocltwell, A. P 2 

Rotkwell, Dr. W. H 1 

Rogers, Prof. W. B 2 

Ross, Dr. Alex. Millou 8 

Rothwell, Dr. P 3 

Safford, T. H 1 

Safford, Prof. J 1 

SaliBbnty, Prof. E. E 8 

Sandford, John E 1 

Sands, Rear-Admiral B. F 4 

Saunders, Wni - 2 

Schleffelin, H. M 1 

Schott, C. A 1 

Eobnster, Maurice 2 

Scbnarz-SeDbom, Baron 1 

Soudder, 3.H 3 

ailliman. Prof. B 11 

Smith, Prof. Hamilton L 3 

Smith, Prof. J. Lawrence 1 

Smith, Prof. J, J 2 

Snow, Dr. E fl 

Sbaler, Prof. N. 8 3 

Spiuner, Hon. F. E 8 

Squier.E.G S 

Stearns, E. E.C 3 

Steindachoer, Prof S 

Steiu.F.R 1 

Stcnersen, Hon, Olaf . 1 

Sterling, Clarence 3 

Stevenson, James 2 

Stone, Ormond . 1 

Slrecker, Hermann . 1 

Stub, Rev. H.G 2 

Swallow.G.C 2 

Thomaa, Prof. Cyras 1 

Thomson, J. U 4 

Thornton, Sir Edward 1 

Tietze, Dr. E 3 

Torgersen, Rev.T. A S 

Trne,Dr.N. J I 

Tryon, Dr. G. W.. jr 2 

Tuckorman, Prof. E 1 

V»ld8land,Eev. O 2 

Vandewond, Jobn S 

Vaaey, Prof. George .-,. 1 

Verrill, Prof. A. E 4 

Yon Ranmbacb, Maurice I 

Wagner, Prof, B „... 1 

^ .oogle 
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Packages received by the Sfnitksonian Institution, (6c — Continued. 



iNDivur A La — Con tinned. 

WaterhoDHO, Dr. A 

Wataon, Prof. J. C 

Wataon, Bereon 

Weimatb, T 

Wells, Hon. David A 

Wells, Wftltflr 

Weatem & Co 

Wbeatley, Cbas. U 

Whevler, Lieot. G.M 

White, Dr. C. A.../ 

Wbitney, Prof. J. D 

WhitDoj, Prof. W. D 

Whymper, P 

Williams. Dnane 

WilliainsoD, J. A 



iNDiTiDiiALs — Continaed. 

No. 

WUkea, Admiral Cbaa 1 

Williamson, Prof. J. T I 

WiDchell, Prof. A 7 

Winchell, Prof. N. H 1 

Winlock, Prof. J 2 

Wood.Dr. floratioC 1 

Waodbrldce, W.C 1 

Woodward. Dr. J. J 6 

Woodwortb, Dr, John M 1 

WortboQ, Prof. A. H 9 

Wul&berg, Kev. E 2 

Yarrow,Dr. H 1 

Yodng, Clarence B 9 

Young, Hon. E 1 

Young, Prof. C. A I 



llECAPrrciATiOM. 

Total addresses of inalritntionH 46S 

Total addresses of Individn^ 28d 

750 

Total Dnmberof parcels to inatitntioua 3, S31 

Total aumber of parcels to individnols 1.105 
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CLASSIFIED EECOED OF MISCELLANEOUS METEOROLOG- 
ICAL MATERIAL PEESEEVED IN THE SMITHSONIAN 
INSTITDTION. 

[For liat of ngnlar montUj reporto nee import for 1873.] 

AUEOEA9. 

Aororal observations made at Ogdeasburgh, New York, 1852-'54. 

Aurora observed at Baagor, Me., December, 1851. 

Aurora observed at Boston Augast 20, 1861. 

Aurora observed at Oamden, Me.T September 10, 1854. 

Aaroras observed at Dartmouth College, N. H., July 12, 1853-MarcIi 
16, 1851. 

Anroras observed at sea 184S-'53. 

Auroral records, 1849-'63. 

Notices of auroras, 1847-'59. 

Sketch of aurora observed at Washington July 22, 18G8. 

Alexander, Prof. 8. — Sketch of aurora observed at Princeton, N. J. 

Andreies, Luman. — Account of aurora obser^'ed October 14, 1870, at 
South ington, Conn. 

Ashby, M. V. — Notice of aurora observed August 8, 1872, at Afton, 
Iowa. 

Astrop, R. F. — Aurora observed in Brunswick County, April 7, 1847; 
auroral display September 29, 1S5I. 

Averbecht A. — Aurora observed July 9, 1872, at Saint Loais, Mo. 

Babcock, E. — Account of aurora observed August 8, 1872, at Boons- 
borough, Iowa. 

Bache, Prof. — Aurora observed at Bath, Me,, September 29, 1852. 

Barnard, A. D. — Aurora observed at San Buenaventura, Cal., June 
17, 1870. 

Bassnet, Thomas. — Aaroras seen at Ottawa May 2i and 25, 1853, May 
29, 1840. 

Bessey, Ckarles E. — Auroras observed at Ames, Iowa, in June, 1871. 

BidweXl, I>r. E. 0. — Anroras observed at Eeeue, Ohio, February 19, 
Sfarch 1, 1852. 

Bimeff, J. 0. — Auroras observed at Lower Saginaw, Mich., io April, 
1849. 

Blodgett, Lorin. — Aurora observed at Sugar Grove, Pa., September 
29, 1851. 

'Bowman, John. — Auroras observed at Baldwinsvillo October 4, 1855. 

Bretcer, W. H. — Auroras observed at Ovid, N. T., from December, 
1852, to May, 1854. 

Bretcater, Alfred. — Notice of aurora observed at Tamwortli, N. H., 
July 17, 1872. 

Brown, H. H. — Aurora observed at Dakota City, Nebr., July 10, 1868. 

Bucklandj J), — Aurora observed at Brandon, Yt., May 2, 1855. 
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Campbell, C->Aaroras observed at Uooee Factory, June, 1330. 

Clarke, John. — Auroras observed aC Bowling Oreen, Ohio, in 1872. 

Ciift, Henrs A. — Harbor Grace, N. F., acconnt of Febraary aurora ; 
aaroral notes for Jaly, 1872 ; anrora observed Aogast 25, 1872. 

Cobb, W. R. — Aarora observed at Wellsboroagh, Pa., April 15, 1869 ; 
display of auroras observed in Philadelpbia Aagnst 3, 1872. 

Couch, E. !>.— Auroras observed at Newfleld, N. J,, in 1810, 

Curtis, W. TV. — Auroras observed at Bocky Bun, Wis., in 1872. 

Dayton, E. A. — Auroras observed at Madrid, N. Y., March. 1819. 

De Haven, Lieutenant. — Auroras observed dnriug Arctic expedition 
1850-'51. 

Dewey, C. — Anroras observed at 'Eiocbester, ^. IT., September, 1851, 
February, 1852. 

Dolan. — Acconnt of aurora observed In New York April 15, 1869. 

Edwards, J. — Aurora observed at Lima, Pa, Marcti, 1819, September, 
1851. 

pairbanlcB, 6. W. — Auroras observed at Wasliington, D, C, Septem- 
ber 29, 1851. 

Fairchild, Jno. P. — Auroras observed at Seneca Falls, N. Y., Sep- 
tember, 1851. 

Fauci, P. F. — Notes relative & la formation des aurore boreales. 

Foster, Wm., jr. — Aurora observed at Providence, B. I., April 15, 
1869. 

Garlajtd, J. O. — Aurora observed at Biddeford, Me., February 19, 
1852. 

Gibbes, fjewia R. — Aurora observed at Charleston, S. C, September 
29, 1851. 

Oibbon, Lardner. — Account of anrora of Augnst 7, 1872. 

Qrant, Benjamin. — Aurora observed at Erie, Pa., August 11, 1869. 

Oroneweg, L. — Auroras observed at Germantown, Ohio, April, 1852. 

Guest, IV. E. — Auroras observed at Ogdensburgh, N. Y., February, 
1850-September, 1851. 

Haas, Ifeiir^.— Register of all the auroras observed at Depauville, N. 
Y., from 1866 to 1872. 

Hall, Joel &— Auroras observed at Athena, III., September 29, 1851. 

Haywood, John, — Westerville, Ohio, anroras seen in August and Octo- 
ber, 1872. 

Herrick, E. C— Anrora observed at New Haven, Conn., June 11, 1852. 

Eerriclc, J, — Auroras observed at Hampden, Me., November 18, 181S. 

Boadky, C. J— Anroras observed at Hartford, Conn., May 12, 1849. . 

Holcomb, Amoaa.— Auroras observed at Southwick, Mass., 1837-1853; 
auroras observed at Southwick, Mass., March and April, 1850. 

Horr, A«a..— Auroras observed at Dubuque, Iowa, September 29, 
1851. 

Hotchkisa, J.— Auroras observed at Mossy Creek, Va., February 19, 
1852. 



^d by Google 
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Hough, Ihr. F. B.— Aiirorae observed at Somerville, N. Y., 1837-1851. 

Si/de, Thos. C. P. — Aurora observed at Bast Windsor Hill, Oono., 
Jnne 11, 1852. 

Jennings, S. K. — Auroras observed at Erie, Ala., September 29, 1851. 

Johnson, E. W. — Anrora observed November 17, 1849, at Graod 
Bapids, Micli. 

Jones, C. P. — Auroras observed at Valley Forge, Pa., January 19, 
1852. 

Joslyn, H. — Auroran observed at Waakegan, III., Apiil 13, 1849. 

Kidder, L. i).— Aurora observed at Whitfield, N. H., October 13, 
1869. 

Lapham, I. A. — Auroras observed at Milwaukee, Wis., February 16, 
1852. 

Lefferts, JoAn.— Auroras observed at Lodi, N. T., February 19, 1853. 

Lefr&y, J. H. — Abstracts of auroral observations ; auroral notes ; 
aaroraa observed at Torouto, August, 1849 ; general register of appear- 
ances of anroras borealis, &c., from January 1, 1848, to May 31, 1853. 
Second report of auroral observations, 1850-'51. 

Levis, B. B. — ^Theory of auroras. 

Loomis, Blias. — The aurora borealis, or polar light, its pheuomeua 
and laws. 

McClintock. — Anroras observed May 19, 1870. 

Major, J. — List of books and ships' logs examined for auroras. 

Marks, Corrydon. — Anroras observed at Manchester, Pa., September 
1849-February, 1851. 

Marsh, C. (7.— Auroras observed at Oswego, N. Y., February 19, 1852. 

Mead, 8. B. — Auroras observed at Aognsta, III., February 18 and 
September, 1851 ; January 19, 1852 ; May 24, 1853. 

Mitcltell, Son. W. — Auroras observed at Nantucket, Mass., 1844^1853. 

Moss, C. S. — Anrora observed at Amboy, 111., April 2, 18G9. 

Mitdge, B. F. — Aurora observed at Manhattan, Kans., August 8, 1872, 

Xetckirk, B. M. — Auroras observed at Lajiort*, Ind. 

Oshome, Capt. Sherard. — Remark's on auroral light in Arctic Zone. 

Peelor, iJaftd.-— Auroras observed at Johnstown, Pa., October 26, 
1870. 

Phelps, R. J.— Anroras observed at Windsor, Conn., Februarj' 19, 
1852. 

Pinkham, M. 8. — Aurora observed at Millhridge, Me., February 4, 
1872. 

Poole, Henty, — Auroras observed at Albion Mines, N. S., in 1850 ; re- 
semblance of reflected light to anrora. 

Prescott, W. — Auroras observed at Concord, N. H. 

Prince, Geo. — Auroras observed at Thomaston, Me., March, April, 
1850. 

Bidding, Thos. B.— Auroral display at Newcastle, Ind., June 18, 1871. 

M^uiar, Thomas. — Anrora observed at Newton, N. J., April 15, 18C9. 



80 MISCELLANEOUS METEOEOLOQICAL MATERIAL. 

Rice, R. — Auroras observed at Attleborougb, Mass., January, 1851. 

Jiobertson, Tkoa. — Auroras observed April, 1800. 

BouUfoa, Andrew. — Auroras observed at Freeport, Pa., iu 1849, 1850. 

SalMurg, 0. B. — ^Auroras observed at Buffalo, N. Y., Id 1853. 

SkieUls, Robert. — Auroras observed at Belle Centre, Ohio, September, 
1853. 

Simmong, 0. — Auroras observed at Lacbine in September, 1850. 

Sixaon, Rodman. — Aurora observed at Factoryville, Pa., March 19, 
1868; auroras observed at Scranton, Pa., October, 1871; show of auro- 
ras August 3, 1872. 

Smaltwood, Doctor, — Auroras observed at Saint Martin's, February 
19, 1852. 

Steele, 0. E. — Aurora observed at Homestead, Mich., August 4, 1865. 

Steiitcr, Dr. Lewis H. — Auroras observed at Frederick, Md., Septem- 
ber 29, 1851. 

Stecens, Dr. R. P. — Auroras observed at Ceres, Pa., April 6 and 8, 
1870. 

Stetcart, A, P. — ^Aurora obseri-ed at Lebanon, Tenn., September 29, 
1851. 

Swift, Lewis. — Aurora observed at Marathon, K. Y,, April 16, 1869. 

Warne, Geo. — Auroras observed at Independence, Iowa, August, 
1872; auroras observed in 1872. 

Whitcomb, Tkomaa M. — Aurora display of July 21, 1871, Union Bidge, 
W. T. 

Wiit^ltell, A. — Auroras observed in Entaw, Ala., September 29, 1851. 

Wing, M. E. — Anroras observed January 31 and February 7, 1873. 

Withroic, Thomas F. — Auroras observed at Station Horner, Ohio, 
February 17, 1862. 

Young, J. A. — Account of aurora observed September 29, 1857, at 
Camden, S. O. 

IHSTBUMENTa 

Apparatus for recording earthquakes. 

Comparative value of certain varieties of cloth for covering the wet 
bulb of the hygrometer. 

Diagram of rain-gauge used at Snowville, Va. 

Lippincott's vapor index, a psychrometrical calculator. 

Bemarks upon the barometer and rules for its observation. 

Bales to be observed in management of typo-barograpb. 

Woodruff's portable barometer. 

Storm rain-gauge designed by G. J. Symous for observing rate of fait. 

Beck. — Description of recording barogniphs, thermographs, and ane- 
mographs. 

Craig, B. F. — Comparison of ten of Green's barometers. 

Fenton, Elislia. — Description of hygrometer. 

Hough, O. W.— Description of automatic registry and printing ba- 
rometer. 
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Boedel, W. D. — Sketch of self-regiatering thermometer, 
Stephemon, W. J. — AccooDt of electro-magDetio indicator. 
Sternberg, Qeorge M. — Improved anemometer. 
Wait, S. E. — Sketch of proposed snow gauge. 
Williavu, E. 6. — GompariBoa of Mason's hygrometer with Boehlen 
and Staehlon's. 

METEORS. 

Alatka. — Account of meteors at Sitka, 1868, Dwight Bnrlbnt, and J. 
J. Blakemore. 

Aubi«r, J. M. — Meteora observed from Saint Xavier's College, New 
York, November U, 1864. 

Barnard, A. 7).— Meteor observed October 20, 1873, at Ventnra, Cal. 

Beckwitk, W. — Meteors observed at Olatbe, Kans., November, 1866. 

Betta, Henry. — Account of meteors observed at Weston, Conn., 1867. 

Boehmer, Qeorge S. — August meteors observed in Colorado Springs, 
Colo., 1873. 

Boemer, Charles G. — Meteors observed at Vevay, Ind., October 24, 
November 10, 12, 1870. 

Meteoric observations at Vevay, Ind., 1S68. 

Observations of August shower of meteors, 1871. 

Brewer, F. P. — Meteors observed at Baleigb, N. C, November, 1866, 

Carleton, General J. R. — Accoout of meteorites in Mexico. 

ChappeUmitk, John. — Meteors observed at New Harmony, Ind., No- 
vember, 1866-'67. 

Chase, itrilton.— Meteors observed at Kalamazoo, Mich,, November, 
1866, 

Clingman, T. L. — Account of meteor observed at Washington, Angnst 
2, 1860. 

Cola, Isaac. — Meteors observed at Glen Cove, November, 1866. 

Deckner, Fred. — Meteors observed at Atlanta, Ga., November, 1866. 

Delaney, John. — Account of meteorite observed at Saint John's, N. F. 

Edi, James.— Meteors observed at V^ienna, Wis., November, 1866. 

Fendier, A. — Meteors observed at Allenton, Mo., November, 186C 

Fergus, Thomas H. — Meteors observed at West Chester, Pa., Novem- 
ber, 1866. 

Forshey, C. O. — Meteors observed at Oalvestop, Tex., November, 1866. 

Qanit, Dr. W. ff.— Meteors observed at Chapel Hill, Tex,, November, 
1866. 

Gardiner, J. H. — Meteors observed at Newburgh, N. T., November, 
1866. 

6iM«, Qc*rge. — Meteors observed at Richfield Springs, N. T., August 
24, 1860. 

Orinnan, A. G. — Meteors observed at Orange, Va., November 10, 1866. 

Hance, E. — Meteors observed ta Fiklsington, Pa., November, 1866. 

Holmes, E. D. — Meteors observed at Qrand Bait'ds, Mich., November 
13, 1866. 
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Hopkins, A. — Meteors observed at WilliamBtowa, Mass., November 12, 
13, 1800. 

Horr, J)r. Am. — Meteors at observed, Dubtiqae, Iowa, November, 
186fi. . 

Htt&Hon, A. T. — Meteors observed at Lyons, Iowa, November, 1866, 

Ryatl, A. — Meteors observed at Salem, Mass., September 29, 1808. 

Ingram, J. — Meteors observed at YiEieland, N. J., August 24, 1869. 

Johnson, Professor J. — Meteors observed at Middletown, Conn., No- 
vember, 180C. 

Keenan, T. J. R. — Account of meteors observed at Bahala, Miss. 

Knight, B. T. — Accouut of meteors observed at Philadelphia, August 
24, 1809. 

Ijiipliam,'!. A. — Meteors observed at Milwaukee, Wis., November, 1866, 
1807. 

McCtune, James. — Meteoric sbower at Philadelphia, November 14, 1807. 

Major, J. — List of books and ship's logs examined for meteors. 

Martin, Samuel D. — Meteors observed in Clarke County, Kentucky, 
Nt>vember. 1806. 

Moore, Albert — Meteors observed at Gren^dn, Miss., November, 1806. 

Morris, O. W. — Meteors observed in New York, November 13, 1866. 

Mudge, B. F. — Meteors observed at Man hat tan, Kans., November, 1866. 

Xaa(m, Elias. — Itleteors observed at North BilierJca, Mass., November, 
.1800. 

Hetcton, Professor. — Novemlier meteors. 

Parker, J. D. — meteom display at Steuben, Mo., November, 1861, 
18C0, 1867. 

Parkhurst, H. M. — Meteors observed at Brooklyn, Mo., 1860. 

Pratt, W. H. — Meteors observed November 14, 1808, at Davenport, 
Iowa. 

Baser, John Seyl. — Meteors observed at Beading, Pa., November, 1866. 

Bedding, Thomas B. — Meteors observed at Newcastle, lud., November, 
1804. 

Bichards, W. M. — Meteors observed at Berliu, Wis., November, 1806. 

Robinson, A. — Meteors observed at Androscoggin, Me., November, 
1806. 

Bogcrs, F, M. — Meteors observed at Throg's Neck, N. Y., Novemlrer 
27, 1864. 

Smith, E. A. — Meteors observed at Moriches, N. Y., November, 1866. 

Smith, Eli. — Meteors observed at Emmittsburg, Md., November, 1806. 

Snow, F. H. — Meteoric shower at Lawrence, Kaus., November 14, 1867. 

Spanlding, A. — Meteors observed at Aurora, III., November, 1SC6. 

Spencer, W. C. — Meteors observed at Dubois, 111., Noveralwr, 1866. 

^ra, W. H. — Meteors observed at Kphrata, Pa., November, ISC7. 

Stephenson, Ber. James, — Meteors observed at Saint luigocs, Md., No- 
vember, 1870. 

Trembly, J. B, — Meteors observed at Toledo, Ohio, November, 1800. 
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True, S. A. — Meteors observed at MarioD, Ohio, Novemlter, 186C. 

Tttmcr, Ernest. — Account of meteor observed at Poiut Pletuiaut, La., 
Jniie 29, 1872. 

Tutailer, H. — Account of meteoric Bhoner observed at Green Springs, 
Ala., November 14, 1868. 

Washington, J). C. — Accoant of meteors observed at the United States 
Naval Observatory, 1868. 

Weet, Silas. — Meteors observed at Cornish, Me., November, 1866. 

Wheeler, John T. — Meteors observed at Concord, N. H., November, 
1866. 

Wilbur, B. F. — Meteors observed at West Watcrville, November, 1866. 

Williams, M. Q. — Meteors observed at Urbaua, Ohio, November, 
1866. 

Winger, Martin. — Meteors observed at Wooater, Ohio, November, 
18C6. 

KAIN. 

Depth of rain collected in several rain-ganges during the storm of 
October, 1869. 

Extract from the meteorological registers of the Snrgeon-Oeneral's. 
Office from January, 1860, to January, 1867, giving summaries of 
amount of rain and melted snow at meteorological stations in the west- 
em part of the United States. 

Influence of the weather in the production of rain. 

Adams, J. F. — Account of extraordinary rain-storm at Macon, Go., 
October 2, 1868. 

Bache, D.-^Account of hail-storm at San Antonio, Tex., May, 1868. 

Bartlett, Jefferson.— SoowMl in West Lebanon, Ind., winter of 1869. 

BerUiJuiier, J. Louis. — Kain-t'all at Matamoras, Mex., 1S43~-'51. 

Bermuda. — Quantity of rain-fall at Ireland Island 1860-'63. 

Blackwell, Thos. — Beturn showing percentage of rain dne to winds 
bearing rain from surrounding regions. Observations made at Mont- 
real 1859-'60. 

Branleg, E, B. — Bain-fall at Amesville, Ohio, January, 1860. 

Cambridge, Mass. — Eain-fall 1855-67. 

Canton, JIfo.— Bain-fall in 1870. 

Chase, Pliny E. — Cyclical rainfall at San Francisco. Bain-cnrves. 
Recent monthly rain-fall in the United States. Remarlis on the fall of 
rain as affected by the moon. 

Clark, Dr. Jas. F. — Effect of battles on rain, observed daring the war. 

Cockburn, S-— Rainfall in Balize, Honduras, 1862-'68. 

Coeke, T. fi.— Amoont of rainfall October, 1871, in Victoria County, 
Texas. 

Crosier, Adam. — Mean monthly niin-fall at Laconia, Ind., 1866-69. 

Ounningham, Geo. ^.—Rain-table 1841-'68, atLuuenbnrgh, Mass. 

Curie, T. J. — Observations showing that anvil-shaped clouds indicate 
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Davidson, &— Raia-fall nt Sitka, Alaska, May, 1866, April, 1867. 

Draper Jos. — Bain-fall nt Worcester, 1800. 

Etcing, Chas. O. — Quantities of rain tbat fell in each moutb, 1855-'T0. 

Foote, H. S. — Beport of rain-full, January -June, 1869. 

Oibbs, Geo, — Account of deluge in Patapsco and MoDOcacy. 

Oamanton, N. JT.~Record of snow, rain, &c., 183S-'C4. 

Grant, W. T. — Beport of raio-fall at Athens, Ga., September anil Octo- 
ber, 1872. 

Gregory, J. M. — Heavy rain in Champaign, 111. 

Huntington, T. C. T.— Becord of fall of rain in Phillipsburgh, Saint 
Martin's, July-December, 1809. 

Harlin, W. .—Bain-fall at Antrim, N. H., November, 1806. 

Jaclcaon, Geo. L. — Account of heavy fall of snow at Tandalis, 111., 
Februar>-, 1872. 

Lake Village, N. H. — Depth of rain and melted snow collected in rain- 
gauges at LacoDia and Lake Village, 18G5-'00. 

Langguth, J. <?.— Acconut of hail-stonn at Chicago, Jnly, 1871. 

Lewisburgh, Ta. — Bain-fall in 18i>d. 

JLogan, T. jlf.— Eain-tahle for Stockton, Cal., 1849-'70. 

Xoomia, £— Fall of rain at New Haven, Conn., 180i-'29, '64-'68. 

Lupton, Jf. T. — Bain-fall at Greensborongli, 185j-'fl8. 

McKinny, John C. — Acconnt of snow-storm at Vincennes, Ind. 

Milwaukee. — Table showiug amount of rain and melted snow 1841-^59, 
mensnred by Dr. £. S. Marsh, 1. A. Lapbam, and Dr. Charles Winkler. 

A'eill, TAos.— Bain in Sandusky, Oliio, 1850-'C7. 

Jfetcark, N. J. — Great rains. 

Xetc York. — Bain-fall in North Hammond, Gouverneur, and Iloase- 
ville, July, 180&-June, 1867. 

Pnmgi/Irania.— Bain, 1839-'41. 

Pitman, Chas. E. — Amount of rain-fall at West Barustead, N. H.^ Au- 
gust and September, 1869. 

Rogers, 0. P.— Bain-fall at Marengo, III., 1850-'71. 

Saint i;;OUt>.~-Montbly amounts of rain at Saint Lonis, lS53-'67, '00-'07. 

Schott, Ghas. A. — Account of proposed rain-gauges. 

Sclt2, Cluirks. — Account of heavy rain-storm at De Soto, August, 1871, 

;Sftfca.— Eain-fall, 1857- 'G4. 

Smith, Edward A. — Account of rain and snow registered at the State 
lunatic hospital, Worcester, Mass., for fourteen years. 

Smith, Patrick H. — Method of determining rain fall by weight. 

Spera, If. R. — Bain-fall at Epbrata, Pa. 

Steineman, M. — Bain-gauge observations at Eckhart Mine, Md., 1861 
-'08. 

TaXbot, R. J?.— Account of snow-storm, February 3, 1868, at George- 
town, Texas. 

Tayloc, E. T.— Bain-fall observed at Powhatan Hill, 1S50-'6G. 

Tennent, Thomas. — Bain-fall in San Francisco, Gal., 1849-'70. 
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VateHtine, John. — TaUe sbowiog depth of water wbtcb fell at Bich- 
moQd in each month and year fvota 1852 to 18C5. 

WcuhinffUm, D. C. — Buin measured at the Smithsonian Institation, 1862 
-'<S6. Bain-fall at the United States Naval Observatory, 1852-1867. . 

WkiUfield. — Curious snow-storm observed at Whitefleld, March 19, 
1869. 

WiOntr, Benjamin F. — Accoant of heavy rain at Waterville, Maine, 
Angnst 18, 1871. 



Accoant of tornado fh>m New York to Maine, October 8, 1797. Dia- 
gram of veering March and April, 1863. 

Babeock, A. J. — Charts comprising direction of wind at Aurora, IlL, 
with course of clouds September, 1857-Jauaary, 1858. 

Baddeleg, P. F. E. — Dust wbirlwiuda and cyclones. 

Barrittffer, W. — Account of tornado in Logau county, Ohio, June 7, 
1872. 

Bierce, S. V. — Account of tornado at Yeroqaas, Wis., June 25, 1865. 

Boehmer, G. S. — Atmospheric carrent« and their effects opou pres- 
Bare, temperatore and moistare, from observations made in lS71-'72. 

Brook», Chat. — Tornado of 1851 in Middlesex connty, Mass. 

ChappelUmith, John. — Account of tornado, April, 1852. 

Chaae, Ftiny ^,— Tidal wave curves. 

Connell, B. — Account of tornado at Bnckingbam, Iowa, Septembec 
12,1865. 

Benton, Stephen. — Account of tornado at Oxford, Minn., September 
12, 18C5. 

Bill, Thomas.-~List of books on tornados in Harvard college library. 

Budaon, A. &— Effects of tornado of 1800, at Sterling, II!. 

Keenan, T. J. B. — Account of storm iu Mississippi, with photograph 
of effect of same. 

McLeran, A. — Account of tornado in 111., June 3, 1860. 

JdHl/ord, Anion M. — Account of tornado at New Providence, June 3, 
1860. 

SichoUon, W. i.— The great tornado of I860. 

8immona, A. H. — Photograph of efiectsof Chinooh wind. 

Taylor, M. K. — Observations on the Oamanche tornado. 

Webb, John 0. — Soles on two cyclones at Little Oarasta, Fla., August, 
1871. 

Youn^, Geo. D. — Account of tornado of June 3, 1860, at Camancbe, 
Iowa. 

GEWEEAL MBTEOKOLOGT. 

Accoant of halo observed in 1630. 

Circulars relative to earthquakes by the earthquake committee, San 
Francisco, Cal. 
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Curves of equal annnal change of magnetic decliuaCion, United States 
Coast Sarvey. 

ExtraotB from the regulations in regard to eutrieB to be made and 
metbod of beeping tbe log-book. 

luritntion & I'asBemblde dee meteorologiats & Leipzig ponr le 14 
A6ut 1872. 

Lists of elevations and distances in tbat portion of tbe United States 
west of tbe Mississippi Biver. 

Maritime meteorology. 

Meteorological observalions in balloon ascents, 1852, 

Opeu polar sea and glacial formations. 

Persine's system of meteorology. 

Speculations on cause of cold winters, A- H. Dunlevy, 

Statistical nomenclature of causes of deatb. 

Table of magnetic determinations observed in conuectioD witb survey 
of northwestern lakes. 

Telegraphic meteorology. 

Ames, Mrs. M, E, P. — Parhelia observed at Big Meadow, California, 
April 12, 1872. 

jlstrop, JJ. f. — War comet observed at Criohtoii's store, Virginia, July, 
1861. 

Boehmer, George B, — Distribntiou of heat over tbe United States, from 
official sources, 1823-1872. 

Campbell, John L. — Acconnt of hnlo obsen'ed from Wabasb College, 
Cniwfordsville, Indiana, Miiy 26, 18C5. 

Capen, F. L. — Cireuiar of American Meteorological Society. 

Cobb, W. H. — Account of parhelia observed February 4, 1867. 

Doran, 0. C. — Profile of route of Yellowstone ex|>editioD. 

J/unbury, A. H. — Effect of tlie moon on the weather. 

Eann, T. — Storms and predictiouB, translated by Dr. Eudlicb. 

Hi^na, J. — Map of Mexico and California. 

Kitiff, Thomas D. — Meteorology and its professors. 

Le Varier. — Itlemoraudum in regard to general meteorological obser- 
vations. 

Lincoln, T. — Account of severe storm iu Maine. 

Logan, Dr. Tltomas M. — Circular relative to meteorological obser\"a- 
tions. 

McAlluter, H. Jr. — Sketch of parhelia observed at Colorado Springs, 
Colorado. 

Marcy, Capt. R. B. — Map of country npou Upper Red River. 

JlJToss, Q. £.— Parhelion observed February IC, 1872, at Belvidere, III. 

Phillips, W. H. — Solar phenomena observed at Elmira, N. Y., Febru- 
ary 2, 18G7. 

Poey,A. — Law of the similar evolution of meteorological phenomena. 

fimith, J. ^.— Table of rise and fail of Lake Erie, 1835-1840. 
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Steams, R. E. C. — Economic value of certain Australian forest-trws 
aud their ciiltiration in GAliTornia. 

Steele, Avguvtvs. — Eainbow observed at night at Cedar Keys, Fla. 

Turner, Pro/. J. B. — Education of American farmers. 

^Yki(e, W. F., Tiiiupa. Fla.— Fogs in Florida. 

Whitney, H. M. — Eruption of the great summit volcano of Manna 
Loa. 

Wilbur, B. f. — Liglitniiig observed during snow-storm. 

Wing, M. E. — Effect of ligbtning on telegraph wires. 

LOCAL METEOROLOGY. 

AFRICA. 
Meteorological notes of a journey to Maaardu, B. Anderson. 
ASIA. 
OHINA. 

Memorandnm explanatory of a plan for the eastern seas for recording 
meteorological observations and truusmitting weather news, liuberC 
Hart 

INDIA, 

Madras. — Mean height of barometer and thermometer foreach month 
of the years 1843-'44-'45. 



Table of thermometric observations during the exploration of the 
country between Stikoliijefsk and Okhotsk, 1805. 

Okhotsk. — Report of thermonietriu obseivations in ISfiG, Richard J. 
Bash. 

ynkoutsk. — Temperature curves from fifteen years* observations, 1S29 
-'41. 

SINGAPORE. 

Annual abstract of meteorological observations for 1870, H. L. Ban- 
dell. 

JMeteorological observations, M<iy-December, 18C9, H. L. Randell. 

Meteorological obsen'ations for April, 1872, (Straits Settlement Gov- 
ernment Gazette.) 

Meteorological observations, September, 1S72. 

Temperature aud rain-fall on Quop estate, 1866-'70. 



Jerusalem. — Thermometric observations, 1851-1854. 
Mosul. — Temperature aud rainfall, January, 1852- February, 1856; 
Rev. W. F. Williams. 
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AUSTRALIA. 

Ifetc Sotitk Walet.~Samma.Ty of meteorological observations at Mor- 
peth, 1865, Dr. ThorotOD. 

Queensland, Brkbane. — Summary of meteorological observations, April, 
1869, J. MaoDonnell. 

Ueteorological observations and summaries of rain-fall, 1872. 

CENTRAL AMEEICA. 
COSTA RIGA. 

Hercdia. — Observaciones metenrologicas liecbas en la ciudad de 
Ueredia durante el aQo 1865; do. 1868. 

lAmon. — Begister of meteorological observations, portof Limon,Octo- 
ber, 1865- August, 1866, Felipe Valentin. 

San Joai. — Ubservaciones metenrologicas hecbas en la cindad de 3an 
JoB<J durante el primer semestre de 1868. 

Observaciones meteorologicas becbasen la cindad de San Jos6 durante 
el alio de 1868 ; do. 18C9, 1870, 1871, 1872, 1873, 1874. 

GUATEMALA. 

Meteorological diary for tbe quarter ending June and December, 
1859. 

Observaciones meteorologicas, 1857. 

Observaciones meteorologicas liecbas en el colegio seminario de 
Guatemala, 1859. 

Observaciones meteorologicas en la mina de las Cimeltas, 1750, de 
Paris sobre el mare, durante el primer aemestre del auo' 1868, H. Beck. 

Resnmen de las observaciones hecbas en el colegio seminario d cargo 
de los FP.de la Compaiiia de Jesus de Guatemala el ailo 1857; do. 
1858, 1859. 

HONDDBAS. 

Meteorological notes taken on a flying visit to the norcnerii district of 
British Honduras, S. Gockbum. 
Meteorological phenomena in 1863, S. Gockburu, 
Meteorological scraps. Dr. Berendt 
lieporton the river Belize. 



Temperature observations, Marcb-May, 1849. 

AspinKall. — Meteorological report for 1868-'69, J. P. Eluge. 

SAN JUAN. 

Observaciones meteorologicas di Ottubre, 1871, M. M, Cfaazaro. 
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SAN SALVADOE. 

Observaciooes meteorologicaa becbas en el laboratorio do In faculdad 
de medeviiia de San Salvador, 1871. 



Oreenirich. — BaiD-fall observatioDS, 1849-1863. 

London. —Ane ID ograpbio, barograpbic, and thermographic corves, 
April 27, 1868. 

KaiD-faU ohsen'atioQS, 1841-1853, J. Higgiobnttom. 

Macclesfield. — Meteorological observatiooH talieu at the Useful Knovl- 
edge Society's rooms, 1860-'69. 

Jfewcaatle. — Newcastle Chronicle, September, 1863. 

Ticikill. — Meteorological observations lu 1863-'04. 

FBANCE. 

M^t^orologie, (Le Monitenr de la Flotte, F^vrier, 1867.) 
Parix. — Carte repr^sentaut la mortality et l'6tat m^t^rologiqae do 
Paris eu 1865. 

GEBUANT. 

FranJi/ort. — Acconnt of earthquakes in the vicinity of Frankfort, 
W. Prentiss Webster. 

Meitsen. — ZosammeDstellung der Monats- und Jahresmittel ans den 
za Meissen im Jahre 1871 aogestellten dreimaligen meteorologischen 
BeobachtQDgeu. 

IRELAND. 

Comparative view of meteorological observations made in Ireland 
since 1788, with bints toward forming prognostics of the weather. 
Uiuhard Kirwan, Dublin, 1794. 

ITALY. 

Naples.— "1\ Salvatore," Anno 1, No. 3, 1868. 

Palermo. — Meteorological bulletin of the Royal Observatory of Paler- 
mo, January, 1865. 

NORWAY. 
TBeryen.— Meteorological Eeview for 1864, O. J. Dreutzer. 

PORTUGAL. 

Lisbon. — Diagrams of rain, 1855-1870. 



Cordoba. — Observaciones meteorologicas de Coidoba, uEio de 1859, 
Valencia. — Estacion meteorologies de la Universidad de Valencia. 
Besamen de las observaciones becbas en el mcs de Abril de 1872. 
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Constantinople. — Observations m^t^orologiqaes, A. Conmbary, 18G8. 

Observations rndt^rologiqaes reprijseutecs par des conrbes, 1807-08- 
A. Coambary . 

Uet«orological items, (Journal de Conatautinoplo, L'Ctoile d'Orient. 
Levant Herald, 1865-'G6-'67.) 

HOETH AMERICA. 
BRITISH AHEBICA. 

Magnetical and meteorological observations aC Lake Atbabasca and 
Fort Simpson, by Capt. J. H. Lerroy, and at Fort Confidence, on Great 
Bear Lake, b; Sir John Richardson, London, 1855. 

Fort Nascopee. — Meteorological observations, October, 1804- Jaae, 
1865, H. Connolly. 

Fort Simpson. — Meteorological Joamal, October, 1S49- Jannary, 1S50. 

Observations at Fort Simi>son, Mackenzie River, November 1, 1837- 
May 24, 1839; and April, 1848- Aagust, 1859. 

Fort Touhon. — Meteorological observations January-Jnly, 1801, B. 
Eennicott. 

Moose Factory. — Weather notes, September, 1858-3eptember, 1859. 

Repulse Bay. — Meteorological observations by Dr. John Itae, from 
September, 1853, to July, 1854. 

Riffolet. — Aleteorological observations, 1857-'59, H. Connolly. 

Vancouver's Island. — Meteorological observations, December, 1863- 
June, 18C4. 

CANADA. 

Comparison of meteorological obser^'utions made at Cape Diamond, 
Montreal, and during an expedition lor exploring Canada East, between 
rivers Saint Maurice and Ottawa : 

NEWFOUNDLAND. 

Harbor Grace. — Abstract of meteorological notes, February, 1863, H. 
A. Clilt. Anomalous gale and rain, H. A. Clilt. Atmosphere and leaves, 
H. A. Clift. Diagramof the directions of the wind, n. A. Clift. Meteoro- 
logical notes. Harbor Grace Standard, December 4, 1872. 

Saint JohtCs. — General meteorological register for 1872, J. Delaney. 
General meteorological register, December, 1873, J. Delauey, Meteoro- 
logical observations, 1859-'C0, John Delanej'. Meteorological register, 
Jannary, Febrnary, 1857, B. M. Delaney, Meteorological registers, 1S4S- 
'50, Royal Artillery. Table showing mean temperature and height of 
barometer in each month from 1834 to 1838, Joseph Templemau. Ve- 
locity of the wiuS by anemometer, J. Delauey. 
NOVA SCOTIA, 

AHiton jl/i««8.— Meteorological observations, 1844; meteorological ob- 
servations for 1850 and comparison with 1849. 
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Caledonia Mine, — Sleteoi-ological registers at the OaleOonin Mine, 16C7- 
1871. Henry Poole. 

Halifax. — Account of storm, September 18-lJ), 1870, Frederick Al- 
lison. 

Horton. — Thermometric record, ISoC, A. P. S. Stunrt. 

WindKor. — Mean temperatures, 1704-1811. 



Amheratburgh. — Meteorological observatioDS from Jannary, 1840, to 
March, 1852, with continuation by Peter Muuzies, from September, 
1853, to May, 1856. 

Bruce Mines. — Meteorological observations, September, 1850. 

Hamillon. — Mean results of meteorological observations for 1854 ; do. 
1855-'56, '59. BesiUts of meteorological observations, 1846-1853, W. 
Craigie. 

Kingston. — Abstract of meteorological register kept at Qaeeu's Col- 
ege University, 1853-'00. 

Thousand Isles. — JJarometrical readings, 1858, J. F. Mayer. 

Toronto. — Abstracts of meteorological observations at the magnetical 
observatory, 1854-'64. Daily carves of temperature at Toronto. General 
meteorological registers, lS5G-'a7, Professor Kingston. General uieteoro- 
logical registers, 1864-*(i9. Provincial Magnetical Observatory. Mean 
meteorological results, 1854, J. B. Cherriman. Mean meteorological re- 
sults, 1850-'(>4, '70, Pi-ofessor Kingston. Meteorological observations, 
October, 1S47-J an uary, 1848. Meteorological summary for November, 
1860, derived from the records of the Magnetical Observatory, Toronto. 
Monthly meteorological register at the Provincial Magnetical Observa- 
tory, 1859-1872. Kesults of meteorological observations made at the 
Magnetical Observatory, Toronto, during the years 1860-'61-'G2 j To- 
ronto, 18C4. Summary of rain and melted snow for the winter quarter 
187U-'71, from observations at forty-ooe stations ; compiled at the Mag- 
netic Observatory, Toronto. 

quEBBO. 

Daily means of observed temperatures at two adjacent stations, Vic- 
toria Bridge and Point Saint Charles, February', 1861. 

Montreal. — Meteorological observations at Montreal, September-No- 
vember, 1855, Dr. A. Hall. Observations relative to tables i)repnred 
and compiled by S. A. Huguet. Begister of thermometer and barom- 
eter kept by T. D. King, February-July, 1872. 

Saint Martiri^s. — Chartsof barometric pressure, humidity, temperature, 
and rain-fall, 1856, ('. Smallwood. Contributions to meteorology, from 
observations at St. Martin's, 1857, C. Smallwond. Monthly meteorolog- 
ical register, October-November, 1858, C. Smallwood, 
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MEXICO. 

Notes of a voyage to Vera Cruz, Miaititlan, &c., R, W. Poster. 

Observacioiies meteorologicas heclias eo la escuela nacioDiil prepara- 
toria de Mexico en el mes de ^Noviembre, 1868, (Diario Oficial.) 

Observations at Santa F6 and Nueva Gerona, 1864. 

ObservatioDS ni^t^orologiqiies, 1S40-'12, T. Loois Berlandier. 

Iiitnonar. — Quantity of rain-fell in 1842. 

Matamoraa. — Notices of rain, 184ft-'47, Berlaodier. 

Mazatlan. — Account of weather in 18C8, Grayson. 

Minititlan. — Meteorological observations, April, 1858, to January, 1850, 
Charles Laszlo. 

Mirador. — Meteorological observations, 1854-'57, January, 1858. Sur- 
vey of the meteorological materials made in 1S5S and 1868, by C. Sarto- 
rius. 

Trojes. — Meteorological observations, 18fl9-'70, T. Graef. 

Vera Cruz. — Barometrical observations, August, 1856, to September, 
1859, Dr. Berendt. 

UNITED STATES. 

Chart of comparative fluctaations of barometer, February and March, 
1843. 

Daily charts illustrating weather, 1843. 

Diagram showing extraordinary barometrical movements, Jaunary 
21-28, 1853. 

Espy's weather charts, 1843. 

Meteorological correspondence of the Smithsonian Institution, thirty- 
five bound volumes of letters from observers, && 

Meteorological notes during marcli of Colonel Morrison's command 
from Fort Gibson, Creek Nation, to Big Timber, Upper Arkansas, Jnue 
22 to October 25, Capt. Henry Little. 

Meteorological observations, northwestern boundary survey. 

Meteorology on Central Pacific Bailroad, 1867, J, K. Gilliss. 

Bobertsou's diaries, Mississippi, Virginia, &c. 

Scrap-boolis containing newspaper items ou weather, &c., prepared at 
the Smithsonian Institution. 

Telegraphic reports of weather at various points in the United States, 
September and October, 1858. 

Weather bnlletina and maps from the chief signal oCBcer, 1871-'73. 



Erie. — Meteorological observations in 1824,Dr. S. K. Jennings. 
Oreensborough. — Abstract from meteorological register for 1868, N. T. 
Lupton. Account of hail-storm. May, 1857, Tbomus 31. Fitz. 
Green Sprtufl*.— Meteorological tables, 1867, J. W. A. Wright. 
Mobile. — Barometrical and tbermometrical curves at Fort Morgan, 
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Mobile Point-, Jnly-December, 1850. Meteorological curves, June, 1848. 
Meteorological observatioDS at Fort Morgan, 1848-1850. 

Selma. — Acconiit of rain, March 17, 1872, G. H. Leuoir. 

Union 8prittgs.^na\atall, 1868-74, J. S. Moultrie. 



Observations at Fort Saint Micbael, 1842 ; Ikogmint Depot, Nolato, 
and Fort EolmakoQ, 1843, W. H. Dall. FoH Saint Michael meteor- 
ological observations, 1865-'6(t, H. M. Bannister. 

JITu/ato.— Meteorological observations, 1866-'67, P. Westdabl. 

Sitka. — Meteorological statement for 1868. Kecord of temi>eratnre 
observations, (Reaumur,) 1847-18C4. Extracted from the Annales de 
robservatoire physique ceutral de Russie. 

Unalakleet. — Meteorological observations, 186G-'67, F. Westdahl. 

Unataska Island. — Mean monthly temperature observed atHlolook, 
1807-'C8. 

ARIZONA. 

Saint Thomaa. — ^Thermometric record, 18C5. 



Meteorological observations for February and March, 1861, and Feb- 
raary, 1871, at Micco Creek Nation, H. F. Buckner. 

Little iiocA:.— Meteorological observations, 1351~'u6, 1864-'70. 

ilount Ida. — Abstract of meteorological observations, May, Novem- 
ber, 1874, G-. Whittiugton. 

Watkington. — Meteorological observations, 1840-'59, H. D. Smith. 
Meteorological returns, January. February, 185f 

C&LIPOBNIA. 

Curves of horary variations of atmospheric pressure. 

Benida Barracks. — Ozone observation,'*, W. W, Hays. 

Et Afonte.— Rain- fall in December, 1873, George H. Peck. 

Fort Yuma. — Meteorological observations, 186G-'67. 

Loa Angeleg. — Meteorological notes, April, 1851, and May, 1854, Sher- 
burne. 

JSevadaCity. — Thermometric ob8ervations,July,Augnst,18dS, Obarlea 
P. Dnnz. 

SaeratitentQ. — Hourly observations, June 21, 1856, T. M. Logan. 
Monthly means barometer and thermometer, 1854, Doctor Hateh. 
Bain-fall, 1850-'73. Report of the curator of the Agassiz Institute on 
Meteorology. 

San Diego. — Observations made on a trip to the mountains, G. W. 
Barnes. 

San Franciaeo, — Blank forms for meteorological observations, Colonel 
Williamson. Monthly meteorological observations, 1870-'73, 0. Q. 
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Bwing. Raiti-fall table, October, 1849-April, 1850, 1861-'C8, ThotnaB 
Tflonent. The climate of Sod Frttnci»co, B. M. Baclie. 

San Joaquin Valley. — Bnia-table and remarks on climate, J. W. A. 
Wright. 

Santa Barbara. — Range of the thermometer from July 1, 1872, to Jnne 
30, 1873. Santa Bnrbani as a sanitnriutD, tjanta Barl>ara Prexs. 

Santa Crvc. — Meteorological ohservations for 1873, J. U. Hoadley. 

Santa Yues Valley. — Meteorological observations, 1872. 

Vacaville. — Meteorological report, February-April, 1809, J. C. Sim- 
mons. Observations, Jannary 22-l<'ebruary 1, 18C9, J. 0. Simmons. 

COLORADO. 

A Year's Progress} Colorado in 1872, W. N. Byers. Climate of 
Colorado, (circular by W. N. Byers.) Colorado; published by the 
Denver Board of Trade, 1868. (Jeology, de8CTiptiou,ancl resources of 
Central and Soatliern Colorado, Pneblo, 186!). 

Fort Collittti. — Meteorological reports, March-September, 1872, K. Q. 
Tenney. 

Fort Garland. — Temperature- table, 1855-'69, C. Thomas. 

Golden City. — Registerof periodical phenomena, 1807, E. L. Bertbond. 

CONNECTICUT. 

Co/mwiMo.— Account of storm Jnly, 1857, "W. H, Ycomans. Weather 
reports January, December, 1857, June, 1859, W. H. Yeomans. 

Hartford. — Meteorological observations 1816-1852. 

Jf«o Saven. — Meteorological observations, E. Loomis. 

Ifoncalk. — Account of storm Jannary, 1856, M. Scholflekl. 

Pom/ret. — Account of storm October 24, 1853, D. Hunt. 

Salisbury. — Meteorological Journal, 1814-''lt>, Dr. Ovid Plumb. 

Stamford. — Fall of water at the Stillwater Rolling-mill January 1, 
1869, to January 1, 1874, J. N. Ayers. 



Meteorological table 1869-'70, A. Barnand. 
Fonka Agency. — Atmospherical phenomena November 22, 1871. 
Yankton. — Meteorological record for the summer quarter of 1865, M. 
K. Armstrong. 

DELAWABE. 

Oeorgelotvn. — Meteorological observations daring part of 1852. Rain- 
fall, July, 1857-December, 1859. D. W. Maull. 

Gilford. — Sums and means for 1873 ; R. H. Oilman. 

DlSTRtOT OF COLUMBIA. 

Washington. — Account; of thunder-storm June 27,1809, W, Q. Force. 
Memorandum of storm of November 4, 1850. Ikleteorological observa- 
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tioDH 1828-'20, JoDatliAi) Elliott. Meteorological obeervations at tbe 
observatory, Capitol Hill, April-Juoe, 1872. Meteorological obserTO; 
tions at the Patent-Office 1846--'57. Meteorological observations April- 
Jane, 1855, W. J. Bhee». Meteorological observations September- 
December, 1854. Meteorological register, lt@l, Jonatban Meigs. 
MoDtbl; means of dry tbermometer ; inontlily mean of tnnximntD and 
miniinnm thermometer; maximam and minimum temperature for 1870, 
at tbe Naval Observatory. Monthly means of tbe bi-honrly observations 
of tbe barometer and thermometer ma<le at the Naval Observatory dar> 
ing 1841. Notes on vegetation, 1862-^64, James Watts. Observations 
in the observatory of the Smithsonian Institution, April 18, 1860-No- 
vember 29, ISGS. Frojeclion showing the regular increase and decrease 
of atmospheric heat in the city of Washington for the year 1826, Kob- 
ert Little. Psychrometric observations, July, 1854. Bogisters from Re- 
cording Barograph. Snowfall observed at tbe Smithsonian lustittitioQ 
April 1853-1874. 

FLOHIDA. 

Comparison of the winds on the coast of Florida. Minntes of gale 
Septembers, 1854, A. S. Baldwin. 

Jackgoncille. — Range of tbe thermometer at Jacksonville, 1845-'4(I, A. 
S. Baldwin. Table showiug the temperature of February forsisteen 
years, A. S. Baldwin. 

Key West — Barometrical and tbennometrical curves Jane, August, 
and October, 1851. Details of storm August 27, 28, 1856, W. C. Dennis. 
Meteorological observatioua for 1844-'45, Adnm Gordon. Meteorologi- 
cal observations at the garrisou, 1843. Meteorological register kept at 
Key West barracks, March-April, 1?45. Barometrical vnriations, 1853. 

Neirport. — Acconut of storm, Charles Beecher. 

Neu! Smyrna. — Report of rain-fall, 1873, George J. Alden. 

ifaint Augustine. — Weather record, 1869-'7y. 

Saint John Biter. — Temperature observations, January-April, 1860, 
O. A. Boanlman. 

Tallahassee. — Observations with rain-gauge, Truman 8. Betts. 
GEOBGIA. 

Berne. — Weather report, April, 1869, H. L. Hillyer. 

Cabaniss. — Estimate of rain. May, 1872, A. Colvard. 

Oainesvitle. — Diagram of tbermometric observations, February and 
March, 1872, Dr. W. T. Griiut. Rain-fall for August, 1872. Meteoro- 
logical rejKirt, October, 1872, M. F. Stephenson. Weather notes, No- 
vember, 1872, M. F. StepbensoQ. 

MtlledgetilU. — List of plants observed in the vicinity, N. G. McAdoo. 

SavannaJi. — Meteorological observations, May, 1858, SeptemlK'r, 1859, 
John F. Posey. 

Trader's Bill, — Meteorological report, September, 1871, F. M. Smith. 

Waldo. — Meteorological record, March, 1866, Dr. B. 0. Uarvin. 
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Warrington. — Meteorological register at United States naval hospi- 
tal, Janucry, 1859. 

Wttaonv life.— Meteorological observations, October, 1673, W. B. 
Somerville. 



Acconnt of tornado in Nortliern Illiaois, 1855, John Wentwortb. 

Meteorology of Illinois, B. Whitaker. 

Athens, — Meteorological record, 1851, and errata, J. Hall. 

Avgttgta. — Mean temperature, 1833-1852. 

Aurora. — Meteorological observations for 1859, George Sutton. 
Tbennoinetric record, 1859, A. J. Babcock. Cbnrt of temperature, 
1859, A. J. Babcock. 

Batavia. — Meteorological report, March and April, 1857, Thompsoa 
Mead. 

Beleidere. — Abstract of registers, 1868-71, G. B. Moss. Comparison 
of montlily temperatures, 1867-1870, G. B. Moss. Record of thermome- 
ter, Maroh-October, 1867. Summaries of meteorological records, 1868- 
"72. 

Brighton. — Meteorological abstracts, 1869, W. V. Eldredge. Meteor- 
ological table, April, lS55-April, 185G, W. V. Eldredge. 

Cartilage. — Register of meteorological observations, August, 1858- 
September, 1859, Mrs. E. M. A. Bell. 

Charleston. — Teui|>eratare report, March, 1870, Charles Gramesly. 

Chicago. — Diagi^ms showing effect of meteorological influences on 
mortality, lS67-'69. Met«orological record, January-September, 1844, 
Silas M each am. 

Cooperaville. — ^Temperature notes. January, 1869, S. Hnzletou. 

Danvers. — Meteorological re|>ort. May to December, 1872, Ira Bowell. 

Decatur. — Double parhelia, February, 1870, Timothy Dudley. 

Effingham.— Weather notes, March, 1869, H. Gruenewald. 

E(gin. — Results of meteorological observations, 1858-'69, J, B. New- 
comb. 

Galesburg. — Maximnm and minimum temperature, Febmary-Decem* 
ber, 1873, B. F. Kemp. 

Hennepin. — Abstracts of thermometric record, 1865-72, Smiley Shep- 
herd. 

Weather notes, 1870, Smiley Shepherd. 

Highland. — ^Record of temperature, 1841-'53, Ryfainer. 

Eopedale. — Meteorological items for 1871, A. G. Crisp^. 

Marengo. — Weather notes, July, 1854-Maj, 1855, January, 1856, O. P. 
Rogers. 

Northjield. — Account of tornado, 1855, John A. Kennicott. Account 
of tornado, 1855, Allen W. Phillips. 

Pckin. — Summary of meteorological observations, 1855-'56, 1859, J. H. 
Biblot. 
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Peoria.— Meteorological obserrations, December, 1855-Febraar}-, 1865, 
Fred. Breodel. 

Pftantrmllc.— Meteorological report, May, 18«9, Isaac Coffman. 

Bidge Farm. — Reportsof the weather, December, 1867, January-April, 
18CS, B. C. Wiliiams. 

Riky. — Summary of meteorological observations, 1872. Summaries 
of meteorological observatioos, 1861-73, J. W. James. 

Sadonis. — Weather notea, Jane, 1866, A. Catron. 

Sandwich. — AnDoal abstract for 1S71, and conditions for July, 1871, 
N. K Halloa. 

South PasB. — Meteorological reports, December, 1862-October, 1SG5, 
S. C. Spaalding. 

Vandalia. — Weather notes, February, 1872, Geo. L. Jackson. 

WoMOw.— Accoant of tornado, June, 1868, B. Whitaker. Account 
of storms of August 18, 28, 29 } B. Whitaker. Mean temperature and 
rainfall. May, 1872, B. Whitaker. Meteorological observations, 1810- 
55, B. Whitaker. Weather n*port«, September-December, 1856, B. Whi- 
taker. York Neck meteorological record, 1864- "65, V. P. Gray. 



^?oominy/ort.— Report of Robinson's anemometer, November, 18C9, 
C. M. Dodd. 

Cann«(toK. — Abstract of meteorological journal, November 26-Dceem- 
ber 3, 1856, Hamilton Smith. 

Fort Qibton. — ^Report of temperatnre October, 1804^April, 1857, Hen- 
ry Little. 

Indianapoli*. — Meteorological report of Indianapolis Academy of Medi- 
cine. Summary of observations for the quarter ending November 30, 
1870, Dr. E. Hadley. Monthly mean range of thermometer, 1861-'(ht, 
Royal Mayben. Temperature report and account of bail-storm, W. J. 
Flstun. 

KnightaUncn. — Condensed maps of atmosphere, I860-'70, D. Deems. 

Logangport. — Abstract of meteorological tables, 1856-'C7, January aud 
February, 1868, Chas. B. Lasselle. 

Manehetler. — November, 1871 compared with November, 1872, 1'eter 
Murray. 

Mount Hnpc. — Diagram of rain-fall, November, 1869, D. Deem. 

Richmond, — Meteorological observations, March, 185G, Joseph ^loore. 

Bw:kviUe. — Mean temperature, 1862-'66, W. H. Auderson. 

Pem.— Weather report, September, 1869, W. W. Austin. Woalher 
report, June, 1870, William Daniells. 

Saint Peter's. — Weathpr notes, January, 1S69, Francis A. Bauer. 

Vcvay. — Weather notes, November, 186S-November 1873, C. G . Boomer. 

INDIAN TEERITOET. 
Mcteorologieal notes obtained from convers<itions with Creek chiefs. 
Fort Washita. — Comparison of Julys, 1844-'4y. 
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lelletue. — Synopsis qf meteorological register, November, 1855-2To- 
vember, 1856, John C. Forg. 

Bloomington. — Meteorological table, IS48, T. S. Farrin. 

Botmshorough. — Acconut of storm, April 25, 1872, E. Babcock. 

Border Plains. — Meteorological observations, Uarch, 1855-Man:li, 
1866, George C. Goss. 

Canaettoa. — Bain-fall, Ma; l-November 8, 1857, H. Smith. 

Greaeo. — Meteorological notes, December, 1871, H. I>. Xoble. 

Dubuque. — Bamidity, June, 1853, Asa Horr. 

FairJUtd. — Meteorological notes, Jane-November, 1856, J. M. Shaffer. 
Meteorological notes, 1857-'58. 

Fontanelle. — Weather report, December, 18CS. 

FortMadUon. — Temperature and precipitation, 1848-'53, Daniel Mc- 
Cready. Weather notes, Jnne-December, 1873, Miss L. A. McCready. 

di(ttm&erjr.-^MeteoroIogical report, March, 1865, Philip Dorweiler. 

Iowa City. — Meteorological observations, 1866, Tbeo. S. Farrin. 

Maqueta. — Meteorological obserrationa, Pebrnary, 1857, E. F. Hobart. 

Marble Rock. — Weather report, March, 18C7, 

Mount Veraon. — Thermometrical observations, September, 1856- 
March, 1857, B. W. Smith. 

Muscatine. — Condensed report for 1871, J. P. Walton. Kange of ther- 
mometer, 1871, J. P. Walton. Meteorological joarnal, 1853, '55, '56. 

Pacquett^s Ferry. — lable of meteorological observations, by A. L. 
Barraud, March, April, 1871. 

Pe/to.— Abstract of meteorological observations, 1855, E, H. A. 



Poutteney. — Meteorological jonmal, 1853, Benjamin F. O'NeilL 

Red Oo;!:.— Keport tor Augnst, 1873, B. A. Harris. 

West Union. — List of corrections in meteorological record, F. Mc- 
Clintock. 

Woodbines-Weather notes, July, 18C8, March, 1869, Angnst, 1870, 
D. K. Witter. 



Abstracts of the meteorology of 1874, condensed from the records of 
the Kansas tState Agricultnral College by William K. Kcdzit. 

Highest and lowest temperatares observed in Kansas, George H. 
Boehmer, Weather notes, April, 1873, George Wigg, 

BcLTter Springs. — Report for April, 1871, W. Hylnnd. 

BeUeriUe. — Meteorological report, August, 1872, J. W. Baynolds. 

Weather notes, 1873, J. W. Raynolda. 

Beloit.— Rain-fan in February, 1872, T. McGrath. 

Burlington. — Chart of appearance of sky, February 5, 1870, Allen 
Crocker, 

Craic/ordsciVfc— 5Ieteorological observations. May, 1867. 
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Emporia. — Bain-fall in October, 1872, G. W. (Jnss. 

Bolton. — Acconiit of earthquake, April 24, 1867, Pr. James Wnttera. 

£atrr<?nce.—AccountofearthqDHke, April 24, 18G7, E.J.Rico. Amouut 
of rain and melted snow, January, 18&l-Deceuiber, 1807, A. N. Fuller. 
Meteorological notes, February, 1SG7, George W. Holliugworth. Mete- 
orological summary for 1873, F. H. Snow. Temperature obiservatious, 
186I-'67, Arthur N. Fuller. 

Leavenirorth. — Account of earthquake, April 24, 1SC7, H. D. Mc- 
Carty. 
. Neoako FalU. — Meteorological observations, March, 1859, B. F. Goss. 

Ote(Ao.— Account of weather, 1868, W. Beekwith. 

O»awatomie. — Meteorological report, March, 18C8, W. H. Berkej". 

Sycamore Springs. — Rain fall, May-December, 1873, 

Topeka. — Account of earthquake, April 24, 18(J7, J. D. Parker. 

Waghington Count;/. — Temperature report, April, 1873, Geoige Wigg, 

Witliamsbvrgk. — Meteorological report, April, 1871, D. Fogle. 

KEKTDCKY. 

Arcadia. — Meteorological observations, July, 1840-Februar,v, 1841. 

Ashland. — Meteorological obaervations, November, 187^, J, B. Bow- 
man. 

C/intwt.— Report of rainfall for April, 18C8, Rev. T. U. Cleland. 

Danville. — Meteorological register, July, 1843. 

Temperature and rain observations, 1800, O. Beatty. 

Sarodaburgh. — Meteorological register, March, lS71-January, 1872, 
J. E. Letton. 

Ldmnon. — Meteorological observations at Saint Mary's College, April- 
November, 1843. 

Lexington. — Range of temperature, January, 18G8-Marcb, 1800, at the 
Sayre Institute, S. K. Williams. Register of tbermoineter and barome- 
ter at Sayre Institute, 1867; S. K. Williams. 

Moscow. — Weather report, September-October, 1872 j J. B. Morris. 

Fine Grove. — Meteorological notes, May, 1874, Samuel D. Martin. 

Salem. — Memorandum of the weather. May, 1808, Randolph Noe. 

Springdafe. — Meteorological, reports, April-December, 1813. Means 
for 1860, Mrs. Lawrence Toung. 

Winelmater. — Hourly observations of thermometer, June-September, 
X872, James M. Ogdeu. 

LOUIS^NA. 

Alexandria. — Thermometric record, October, 1863-March, 18C0, John 
P. McAnley. 

Baton Rouge. — Meteorological reports, July-September, 1872, May, 
1873, K. H. Day. Kain-fall notes, November-December, 1872, Eicbard 
H. Day. 

Ife/fti.— Rain-fall table, 1807-'72, Lewis Campbell. 
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Fort Jesup. — Thermometric register, lS23-'45, 

Franklin. — Meteorological observutioiis, Joue, 1843. 

Greenville. — Meteorological notes, November, 1801), B. W. Foster. 
Uftt^orological reports, 1869, R, W, Foster. 

A'«p Orleans. — Hourly meteorological obaervationa, 1809-UO, Liitbnr. 
Mf teorological and mortuary cbart, 1349, Dr. E. U. Barton. Met«orologi- 
ciil juiirual, 1^41-44, D. T. Lillie. Meteorological notes in annual report 
of board of bealtb, 1849. Meteorological register, Joly, 1853, N. B. 
Benedict. Report ut' self-registering tbermometer at tbe office of the 
board of bealtli, September, 1872, March-December, 1873. 1. Statbeoa. 
Thermometric observations, 1820-1848, E. n. Barton. 

Fctite Coquille. — Topographical, geological, aud medical report, June, 
J82II, with chart. Dr. E. H. Bell. 

Point PUasaat. — Meteorological report Fcbrunrj'. 1809, Marcb, April, 
1872, Ernest Turner. 



Ice in Kennebec River, Rev. Francis Ganliner. 

Belfast. — Summary of meteorological observations made at Belfast, 
Jiil.S -September, 1872, January, 1873, Geo. E. Brackett. 

Brunswick. — Meteorological observations, 1807-1852, Parker Cleve- 
tiind. 

Casline. — Abstract of meteorological register, showing maximum and 
minimum temperatare of every month, 1810-1850, Judge Nelson. 

CornwA.— Effects of lightning in storm of July, 1«67, Silas West. 

Gardiner. — Amount of rain and melted snow, 1837-1852. Meteorologi- 
cal notes, 1837-1852, B. H. Gardiner. Weather notes, April, May, 1800, 
R, H. Gardiner. Weather report, November, 1873, B.- H. Gardiner. 
"Weather reiwrt, winter, 1853-'54, R. H. Gardiner. 

Hiram. — Table and diagram of mean temperature for 35 years, 1831- 
ISCl, Geo. Wa<lswortb. 

Lisbon Factory. — Meteorological observations, August, September, 
1S07. 

Milltown. — Notes on the great storm of October 4, Geo. A. Boardman. 

Portland. — Hourly meteorological report, August 2, 1872, W. H. 
Ohier. Maximum temperature, 181C-18.'J2. Meteorological register, 
February, 1851, and June, 1852, Cbas. B. Merrill. Meteorologinil sum- 
maries for May, October, December, 1800, January, 1861. Meteorologi- 
cal tables for the year ending December 31, 1800. Henry Willis. 

Prospect. — Periodical phenomena, 18C4-'05, V. G. Eaton. 

A'rtco.— Rainfall, 1844-'46. 

Ufandisk. — Periodical phenomena, May, June, 1807, J. P. Moulton. 

Union, — Weather notes, July, 1871, Wm. Gleason. 

Yinal Haven. — Weather record, October, 1800 ; W. Irving ViuaU 

West Watereille. — Weather report, June, 1871. 
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UABTLAKD. 

AnnapoHs. — Maximum and minimum tempenituro, ISDC, W. R. Good- 
man. Record of maximum and miuimum tlierDiomettii-, December, 
1858, Wm. E. Goodmau. 

Baltimore, — Meteorological oljservatioua, 1829, '36, '37. Meteorological 
observations made in the vicinity of Baltimore, 1818-'iy, 'li2-'23, Lewis 
Brantz. 

Cliantilly.—Account of storm, June 21, 1857, S. T. Stuart. 

Cumberland. — Temperature observations, Jannary, lS59-May, 1871. 
Sleteorological observations for December, 1873, (Cumberland Daily 
News, January 5, 1874.) 

EmmitUburgh. — Motion of clouds and force of wind, 18CS, 1872, C. H. 
Jourdau. 

Newcastle. — Weather notes, August, 1871, Lewis H. Smith. 

Pikeacille. — Temperature and raiu-fall observations, 1871, 

Saint Jnigoes. — Notes for June, 1866, James Stephenson. 

Sam^s Creek.— Account of snow-storm, January 11, 1857. Weather 
notes, February, 1855, D. W. Naill. 

lichcllman Hall. — Meteorological tables, 1846-'49. 

MASSACHUSETTS. 

AmJterBt College. — Meau temperature observations, 1839, Professor 
Snell. 

Bird's Island Liglithoune. — Meteorological observations, August, 1843- 
Noveraber, 1844, John Clark. 

Laurrctux. — Summary of meteorological report, 185C, John FulloD. 

Lunenburgh. — Means of the thermometer, 1658-1868, George A. Cun- 
ningham. 

ifeic Bedford. — Barometrical means and extremes, 1812-1848, Samuel 
Kodman. Meteorological summaries, 1818-1833, Samuel Uodmun. 
Baiu-fall observations, August, 1871, Samuel Bodman. 

North Bi/terica.— Weather notes, Elias Nason. 

P/uin^eW.— Tbermometric observations, January-March, 1S57, S. F. 
Shaw. 

8nlem. — Temperature observations, 1814-1810, Dr. W, lientloy. 

Somerset. — Meteorological observations and quarterly summnries, 
1871-72. Elisha Slade. Meteorological report, JMarcli, April, 1S72, 
Elisha Slade. Moan temperature, 1871-72, Elisha Slade. Weather 
notes, Febmary, 1871, Elisha Slade. 

Springfield. — Meteorological observations, 1865-'06, J. Weatherhead, 
Meteorological tables, l$4S-'53, Lucius 0. Allen. Amount of rnin, and 
maximum and minumum temperatures, for summers of lSo7-'58-'59, F. 
A. Brewer. 

WiUiamstoKn. — Plants found in tlie vicinity of Williams College, P. 
0. Cbadbourne. Results of meteorological observations for the year 
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endiDg Jul;, 1856, L. Wilsau. Thermometric tables deduced from 
observiitioDs from 1816-1838, reduced and arranged by E. W, llorley. 

Wood's HoU. — Observed temperature of the water in Jnue, 1873, J. 
Edwards. Baia-fall during summer 1855; B. B: Clifford. 

Worcester. — Flowering seasons on Hospital Hill, 1839-1855. Meteor- 
ological observations at the State Lunatic Asylum, 1855, 1859-'0i. 

MICHIOAN. 

Plants of Michigan, Dr. Dennis Cooley. 

Adrian. — Maximum and minimum temperature and rain, February, 
1869, Lemay Hellne. 

Alpena. — Mean temperature in 1872, J. W. Faxton. 

Ana Arbor. — Abstract of meteorological observatious,January-Mnrch, 
1855, A. Winchell. Abstract of meteorological observatious, 1849- 
'52, L. Woodruff. Meteorological table for 1849, L. Woodruff. 

Cold Water. — Bain-fall in April and May, 1872, Harvey Haynes. 

Copper Falls. — Abstract of meteorological observations, December, 
1855-October, 1856, Charles S. Whittlesey. Meteorological register, 
winter 1855-'56, Charles 8. Whittlesey. 

Detroit. — Meteorological observations December, 1848, W. A. Ray- 
mond. Climate of Detroit, Bela Hubbard. 

Eagle Eiver. — Transcript of meteorological register, November, 1855- 
April, 1856, James S. Morgan. Transcript of meteorological register, 
December, 1854-October, 1S55, Charles Wliittlesey. 

Flint. — Abstract of met«orological record Flint Scientific Institute, 
1855,Dr. D.CIork. 

Fort lV)Iifci?w.— Monthly means, 1844-'46. 

Kalamazoo. — Weiithernotes, January -April, 1873, Henry H. Mapes. 
Weather report, May-June, 1868, Frank Litrle. 

Lake Superior. — Transcript of readings of detached thermometer, sum- 
mer of 1849, C. Whittlesey. 

Muskegon. — Meteorological obsen'ations, August T-I3, H. A. Pat- 
tison. 

Ontonagon. — Transcript of meteorological register, November, De- 
cember, 1864, Dr. H. S. Taft. Transcript of meteorological register, 
Dt^cember, 1853-Jaunary, 1854, A. Stockley. 

OsAfemo.— Weather notes, 1866-'71, Henry H. Mapes. 

Port Huron. — Weather report, Pebrnary, 1SC8. 

Portage take. — Transcript of meteorological reports, December, 1853 
-June, 1854, C. H. Palmer. 

Saint James. — Beaver Island meteorological observations, September, 
1852-AagU8t, 1853, James J. Strong. 

Saugatuek. — Meteorological observations, Febrnary, 1855, L. H. 
Streug. 

Sault Ste. Marie.— Diaty ofthe weather, September. 1823-Juue 1825, 
Colonel Cutter. 



CKi,iz...,CoOgIc 



MISCELLANEOUS METEOBOLOQICAL UATEBIAL. 103 

Sugar Isle. — Weather notes, Aagnst, 1866, J. W. Paxton. 

TAuHder Bay Jslond.— Weather report, March-May, 1866, J. W. 
PastOD. 

Traverse City. — Quarterly meteorological register for 1873, S. E. Wait. 

Upper Peninsula. — Transcript of meteorological register, July-Sep- 
tember, 1890, A. Merryweather. 

MINNESOTA. 

A/ton. — Meteorological report, JaDoary, 186)!, B. F. Babcock. 

Beaver Bay. — Description of instmmente, method of observing, &c., 
Thomas Clarh, 

Burliiigton. — Meteorological observations, 1857, *58, A. A. Hibbard. 

Chippewa Agegey. — Tbermometric record, Jauaary, 1871, Br. H. Mc- 
MahoD. 

Enterpriae. — Weather report, March, 1871, John Greethurst. 

Bennepin. — Profile of barometric cnrves, December, 1874r-January, 
18C6, J. B. Cloagh. 

Itaaea. — Weather reooni, March, 1865. 

Litchfield. — Diagram of halo aronnd moon, H. L. Wadswortb. 

Hew Ulm, — Report for October, 1867, John Kauba. 

Waternlle. — Meteorological reports, April-August, 1866, Lewis Stone. 



Broofcfcareii.— Weather notes, 1867, T. J. K. Keenan. 

Columbus. — Meteorological observations, 1S55, '58-'o9, James B. Lnll. 

Fayertc.— List of early and late frosts, 1834-1863, G. C. Armstroug. 
Appeurance of birds, 1873, 

Motint Carmel. — Kange of thermometer, Jaanary, February, 18Tti, E. 
n. Newton. 

Natchez. — Meteorological notes, 1871, Thomas J. Coekrell. ICemarks 
oil the weather, March, 18r-8, Boberl McCary. 

Pom Christian. — Meteorological observations, May-July, ISGO, S. Shep- 
herd. 



Charleston. — Meteorological observations, 1868. 
Corning. — Weather notes, November, 1872, Horace Martin. 
East Prairie. — Meteorological report for 1869, A. Miller. 
Edina. — ^Tabular statement of &U of rain, May, 1859-JaDuary, 1867, 
J. 0. Agnew. 
Enterprise. — Weather notes, Jane, 1871, J. Greethurst. 
Hannibal. — Meteorological report, April. 

Bigh Hill, — Thermometric record, December, 1872, W. S. Ghapin. 
f.ex%ngton. — Memorandum of weather, 1855, W. T. Davis. 
Bichland. — Hecordsof thermometer, 1869-72, SpeucerS.Goo(In'in. 
BoUa. — Registry of periodical . phenomeua, 1S6S, Homer Kuggles. 
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Table showing range of thermometer,' April, lS66-March, 18C7, H. Rug- 
gles. 

Saint Louis. — Masimnm,miDimuin,atid mean temperatures, 1840-1 $52, 
Dr. EDgelmann. Mean temperature of every month 1836-1S53, G. 
Kugelmnnn. Meteorological condition and mortality of Saint Louis, 
1S55, Dr. Geo. Engelman. Meteorological obaervatious, 184l-'44, Dr. 
B. B. Brown. Meteorological observations, 1856, '70. Meteorological 
observations, 1861, '09, Dr. A. Wislizenus. Meteorology for 1867, Dr. 
Geo. EDgelmann. Weekly meteorological records, 1872-'73, B. D. Krib- 
ben. Chart, November, December, 1873 ; daily means, October, 1872. 

StouttHUe. — Weather report, December, 1871, A. T. Carlton. 

Washburn. — Weather record, spring season of 1871, J. W. Hannah. 

MONTANA. 

Meteorology for 1859, W. W. Johnson. 

NKBBASKA. 

Barometrical observations at Fort Kearney, South Pass, and Honey 
Lake Wagon- Eoad, 1857-58 , W. H. Wagner. Meteorological observa- 
tions at Fort Kearney, Laramie, &c., lS64>-'64. 

De Soto. — Temperature observations, January-March, 1807, Charles 
Seltz. 

Fontanelle. — Range of thermometer, July, 1868, U. Gibsnu. 

Peru. — Account of earthquake April 24, 1867; J, W. McKenzie. 

Plattsmouth. — Meteorological observations, January, 18(2-Jannarv, 
1873, A. L. Child. 

Santee-Sioux Agency. — Statement of weather., December, 1870-April, 
1871, Geo. 8. Trumau. View of parhelia, November 23, 1871, Accouut 
of dnst-storm. 

NEVADA- 

Aurora. — Weather report for September, 1803, Samuel Young. 

NEW HAMPSHIRE. 

Depth of rain and melted snow collected in rain-gauges kept by the 
W. L. C. and W. M. Company, in 1870. 

C/arem«»(.— Report of rain-full November, 1807, and April, 185S, 
Lewis Stevens. 

Concord. — Weather notes, January-March, 1856, W. Prescott. 

Hanover. — Barometric and thermometric mouthly curves, Dartmouth 
College. List of plants growing in vicinity. 

Maiiclteater. — Meteorological observations, I84.'>-'51,S. N. Bell. 

Neic Ipswich. — Weather notes for August, 1805, W. D. Locke. 

Xortk Barnstead. — Meteorological abstrsict, Si-ptember, 18G0, C. II. 
Pitman. 

i'ifto/eM.— Meteorology of 1872, Geo. R. Drake. 

.,.,iz...,CoogIc 



MISCELLANEOUS METEOBOLOGICAL MATERIAL. 105 

Porltmoath. — Meteorological observations mode at the navy-ynrd, 
1839-'42. 

SIteiburne, — Selected memornDdums, relative to tlie weather, from 
1868-'72, John Oolliii. 

Wkitefield. — Meteorological observations for the lost tweiity-two days 
of May, 18G9; L. D. Kidder. 

MEW JEBSEY. 

Atco. — Register of temperature, 1869-71, H. A. Green, Weather- 
record, 1870, H. A. Green. 

Bloomfieid. — Diagram of wind's variation, January-Jnne, 1S55, B. L, 
Cooke. 

Bwrlington. — Meteorological register, 1819-^58. 

Freehold. — Register of thermometer in the open air for the year 18C0. 

Jersey City. — Monthly means of temperature observations, 1871- 
73, Thomas T. Howard, jr. Quarterly reports, 1871, Tiionias T. How. 
ard, jr. Record of observations with maximnm thermometers, the bulb 
of one touching painted tin and tfae other bright tin, siuinlUineonsly ex- 
posed to the direct rays of the sun, Thomns T. Howard, jr. Tlieruio- 
metric record, December, 1S70, Thomas T. Howard, jr. 

Lambertville. — Monthly mean temperatures, 1837-'59. 

Moorestown. — Summary for August 1868, T. J. Ltaus. 

SeicarJ:. — Maximum, minimum, and mean temperatures, 1854, 'C0-'G2, 
W. A. Whitehead. 

NeiD Qermantoirn. — Monthly reports of range of barometer, lS71-''2, 
A. B. Noll. Height of barometer, July, August, 18C9-Octoher 1870, 
A. B. Noll. Temperature curves, May, July, 1869. 

HEW HEStCO. 

History, Wealth, and Resources of New Mexico, Hon. S. B. Elkiiis. 
Ohseivations made by James M. Reade, during Pope's expedition. 
Bosque Bedondo Reservation. — Climate at ludiau farm iu 18i)7. , 
El Paso. — Curve of daily temperature. 
Fort Union. — Thermometric record, 18J»3-'54. 

NEW YonK. 

Account of weather at New York Fort, winter of 1746-'-17. Flow of 
the west branch of the Croton Eiver, J. J. E. Crocs. 

Babylon. — Thermometer observations. May, June, 1872, F. Miller. 

Brooklyn. — Diagramsof cycles of cold during winter 1848-'.19, E. Mer- 
riam. 

Bw^a/o.— Climatology of Buffalo, 1867, W. Ives. Meteoiological 
memoranda for March, 1S65, W. Ives. 

Canandaigua. — Taylor's weather table, 18G9. 

(Jhatham. — Meteorolo;?ical observatious, November, 18a9-Novembcr, 
1845, William E. Oliver. 
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Pcpauville. — Itegister of tliermometer for Jaoanry, 18C5, Henry Haas. 

Eiut Henrietta. — Uiagrnm of uieteorological moutlily menus, 1859, 
A. 8. Wadsnorth. Meteorological tables, 1859, A. 8. Wad»worth. 

Farmingdale. — Wjnd record Janaarj-Joly, 18C6, 1867, Jauuary-Feb- 
raary, 1808, John C- Merritt, jr. 

FiakkUl Landing. — Abstract of meteorological register, 1854, W. Hark- 
ness. 

FUitbmb. — Book of meteorological remarks, 1850. Erasmus Hall. 

Geneva. — Meteorological obaervatioQS, 1850-;G5, Prof. W. I>. Wilson. 

Qlaxco. — Weather uotes. April, 1873, B. B. Hiudricks. 

Qouverneur. — Meteorological observatious at bigli-cicbool, 1837-'49, 
Stephen Allen. 

Lake. — Extremes of temperature observed December, ISDC, January, 
1857, Peter Reid. 

Lanaingburgh. — Rain-fall, May, 1S27-'C7, J. W. Heim street. 

Leydea. — Meteorological report, January aud Fel>ruary, 1869, C. O. 
Merriam. 

Little Oenesaee. — Weather notes, February. 

Lockport. — Sloteorological observations, 184i)-'50, J. G. Trevor. 

Loeimt Grove. — Meteorological report, 1868, O. C. Meniam. 

LoicvUle. — Direction of the wind for each hoar, day and night, from 
October, lS50-Jiiiie, 1851, David P. Uayhew. Synopsis of meteorolog- 
ical register, IS5T, J. Carroll Honse. 

Madrid. — Meteorological observations, 1852-'53. 

i/oAawfc— Diagram of relative temperature for each month of 1867, 
Dr. James Lewis. Diagram hourly mean temperature, 1807, Dr. James 
Lewis. Meteorological record, Dr. James Lewis. Register of self-re- 
cording iQStrumeots, Dr. James Lewis. Temperature observations, 
1867, Dr. James Lewis. 

AfeKi&Mrj7/(.— Thuuder-showers, periodical phenomena, &c., in 186G, 
George Kimball. 

2few Yort.— Abstracts of New Tork Academy Register, 1852. Acconut 
of solar phenomena and sketch of same, H. P. Smith. Chart showing 
influence of impnre air and overcrowding, on health of New York, Dr. 
W. F. Thorns. Comparative view of temperature of July, 1854-'G5, and 
of weather for first six months of 1855-'C5. Course of the epideuiic 
in New York, 18C6. Diagram of thermometric and barometric observa- 
tions at Cooper Union, May, Joue, 1870, Oran \V. Morris. Map show- 
ing localities of cholera in New York, May, 1866-December, 1867, Dr. 
F. J. Randall. Mean temperature of seasons, l8C9-'70; O. W. Morris. 
Meteorological Journal at College Place, May 24, 1857-Juue 4, 1803, 
A. E.Thatcher. Met«orologicalremavk8toaccom[>anyregister lor 1875, 
O. W. Morris. Notes on the meteorology of penitentiary hospital, 
Blaekwell's Island, 1850, Dr. W. Sanger, Probabilities for each moon 
1871. Summary of meteorological observations, 180S, Oran W. Mor- 
ris. Weather chart showing effects of meteorological iuOucnces on mor- 
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tality in Kew York, Dr. W.F. TbomB. Weather notes, January, 1856, 
J. S. Gibbunt). Weekly reports of meteorological observatiooa at Cen- 
tral Park Observatory, 1807-^73. 

Sichola. — Weather notes, periodical pheoometia, &c., 1857, 1S58, R. 
Howell. 

North Hammond. — Account of earth<inake December 18, 1S68, C. 
A. Wooster. Observations of the weather, January-April, 18ti6, C A. 
Wooster. 

North Volney. — Meteorological report February, 1863, February, 1869, 
June, 1809, J. M. Partrick. 

Ogdensburgh. — Daily weather observations, Jannary, March, IS55, W. 
E. Uuest. Measurements of Saint Lawrence, W. E. Guest. Meteorologi- 
es! remarks October, 1840-September, 1850. 

Orid.— Register of rain-full April-July, 1856, J. W. Chickering. 

raliaades. — Observations of weather for the year 1868, W, S. Gil- 
man, jr. 

Penn Tan. — Diagram of daily mean temperature, February, 1855, II. 
P. Sartwell. Diagram of fluctuations of barometer December, 1S56, 
Dr. H. P. Sartwell. Meteorological registers, Jauuarj', 1857-April, 1858, 
Dr. H. P. Sartwell. Meteorological registers, 1853 and 1859, Dr. H. P. 
Sartwell. Summary of observations for 1873, George R. Youngs. 

Rochester. — Meteorology of Eochester, 182D-'33. Meteorological ob- 
servations 183I-'33, Doctor Main. Meteorological observations, 1850, 
W. C. Pratt. Rise of water in Liike Ontario, 1845-1852, C. Dewey. 

Kouse's Point. — Meteorological journal, 1845-1853, John Bratt. 

Saugerties. — Thermometrjc observations by Hov. It. O. Williams, Jan- 
uary, 1863-Juue, 1865. 

aing Sing. — Baia-fall observations June, 1373-Jannary, 1875, and 
comparison of same with records of Oroton Aqueduct. 

South Hartford. — Peri(>dical phenomena, lS60-'65, G. M. Ingalsbe. 

Speneertnwn. — Meteorological abstracts, 1855, 0. A. W. Morehouse. 

Staten Island. — Meteorological report, 1871, '73, C. Keutgen, jr. 

rroy.— Weather notes, 1808-72. Meteorological report Jaiiuary- 
Febraary, 1873, J. W, Heimstreet. 

Water/ord. — Thermometric record, 1850, J. C. Hoase. 

\Ve»i i>rty.— Weather notes, 1858, Jude M. Young. 

Willet^g Point. — Results of hourly observations by the battalion of 
engineers, 1808-1872. 

KOBTH CAHOLIMA. 

Western North Carolina, its agricoltura! resources, mineral wealth, 
climate, salubrity, and scenery, Dr. H. P. Gatchell, Milwaukee, 1870. 
Extract from letter to Raleigh Standard, T. L. Clingman. 

Clinton — Meteorological observations, B. F. Grady, jr. 

Lenoir. — Meteorological report from the Davenport female college, 
May -September, 1869 ; July-September, 1870. Meteorological report, 
October, 1869-Jane 1870, Lenoir female college. 
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MurfrecHborovgh. — Becordof meteorological obsetrations, A. McDotr- 
ell, 1S66-'C1. 

Scuppemong. — List of trees growing in and oear Scappeniong, J. 
Avery Sbepherd. 

Westminster. — Meteorological diary June-August 1843, Joel Watkina. 

Wilson. — Meteorological observations, 1843-'41, liev. A. A. Benton. 



A'mesville. — Weatber report, December, 1872, E. H. Branly. 

Aastinburgh. — Meteorological observations, June-December, 1857, 
Jiimes D. nerrick. 

Belle Centre. — List of flowering plants in tbe vicinity of Geneva Hall, 
Bobert Shields. 

Bowling Green. — Current weather, Febrnary, December, ISCO, Jolia 
Clarke. Barometricul and tlierniometrical observations, Jolj-Decem- 
ber, 1857, January-March, 1858, W. B. Beck. 

Carthagena. — Appendix to meteorological register, casnal phenomena, 
September, lS70-December, 1873, E. Miiller. Barometric and ther- 
mometric charts, 1870-'73, E. Miiller. Meteorological curies, 187tt-'(3, 
B. Mullcr. 

Cheviot. — Miscellaneous data, winter 1855-'5fi, E. Hannaford. Rok- 
ister of meteorological observations, Jannary-July, 1856; Edward 
Eohler. 

Cincinnati. — Account of weather for April, J. H. Shields. Maximum 
and minimum temperntnre, 1835-1&5.3, Dr. Joseph Bay. Meteornlog* 
ica! observations, 1860, at Woodward High School, George W. Harper. 
Meteorological observations at College Ilill, 1814-1848, Jackson. 

Clepeland. — Meteorological journal, 1857, G. A. Hyde. Meteorolog- 
ical register, 18G0, G. A. Hyde. Meteorological report for 1807. Mete- 
orological summary', 1858, Edward Colbnrn. 

Bat/ton. — Beport of deaths, June-November, 1873. 

Eaton. — Summary of observations, January, 1805, Miss O. Lnrsb. 

mUsborovgk. — Bain-fall in 1857, J. McD. Matthews, Temperature 
and rainfall observations, 18C0, J. McD. M;itthews. 

Island Creek. — Thermometric record, 18G8, Robert Mackey. 

Keene. — Account of snow-storm, March 24, 1852. 

Kelly's Island. — Meteorological observations, 1860, George C. Hunt- 
ington. Meteorological tables, 1859-1800, George C. Huntington. 

Lancaster. — Kange of thermometer. May, 1800, J. W, Tonson. 

lAma.—Wiid'iicr notes, 1802-1870, Timothy Shroyer. 

Marietta. — Mean temperature of each month from 1808 to 1871, Dr. 
George O. Hildreth. 

Mount Avbum. — Summary of meteorological observations at the Mount 
Auburn Young Ladies' Institute for 1871. 

New Lisbon. — Meteorological reports, 1855, 1856, J. F. Benner. 

Newton FatU. — Thermometric observations, March, 1871, with dia- 
gram, W. King. 
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J/orlk Letcisburgh. — Meteorological reciord, 186S. 

Portumouth. — Abstract of tberuiooietric ob»ervattODS, 1824~1S31, Dr. 
G. B. Heniimtead. 

Sain* Clairsrille. — Geometrical exetupIiQcation of weather, 1819, 1820, 
compared witb CiiiciDiiati and Washiogton. 

Steubenrille. — Meteorological observations for 186.5, .losepb B. Dn.vie, 
Thermometric report, 18U8, Itoawell Marsh. ^Vcatliev notes, ISCo-. 
1»C9, Roswell Marsb. 

2'olcdo. — Aunual meteorological Byaopses for 18G5-18C9, Dr. J. B. 
Trembly. 

Urbana, — Meteorological Bummar; for 18S9, 18C4, M. O. Williams. 

OKGGON. 

Climate of Western Oregon, (comparison of diffcrenees between 
meteorological observatioas taken at G a. m., V2 at., C, 7, 2 and )j. m., 
Louis Wilson. 

Astoria. — Monthly means of met«orologicnl observations, 1856-1869, 
Louis Wilson. 

Columbia Riper. — Meteorological register, 18S1, A. M. Harrison. 

Corralli*. — Weather report for the winter of 18G5, A. D. Biirnunl. 

£o/a.— Weather record, September, 1869, T. Tearce. 

Suod fitrer.— Meteorological observations, 18C5-'C8, 1872-'73, Chas. 0. 
Coe. Weather notes September, 1872, Thomas M. Wbiteomb. 

ifount Hood Stalion. — Temperature observations, December, 1872, 
Tbomaa M. Wbiteomb. 

Oregon Citg. — Diagram of weather, December, I85I, Rev. George M. 
Atkinson. Meteorological observations, 1849, 1850; Kcv. GeorgL- M. 
Atkinson. 

Portland. — Meteorological observations, December, 1853-ApriI, 1859, 
G. H. Stebbins. 

Salem. — Meteorological report, Jnly, 1857, W. Hamilton. 

PENNSVLViNrA. 

Abittgton. — Mean temperature obser^'ations, 1861-1870, Rodman Sis- 

Anbtand. — Thermometric record, 1869, A. Cnatis. 

Blooming drove. — Weather report, March, 1865, J. Gratliwohl. 

Cartide. — Meteorological table, ]846-'49. 

Ceres. — Meteorological observations, 1835-lvS52, Mrs. King. 

Cheater. — Report of a comuiittee of the Delaware County institnte of 
Sciences on the greiit rain storm and llood of August 5, 184;{. 

Delaware County. — Plants growing iu Delaware County, Geo. Smith. 

Epbrata. — Periotlical phenomena, 1871, 1873, W. H. Spera. 

Factoryrille. — Mean temperature of seasons, 1864-'6(;, It. Sisson. 

Fleming. — Abstract of meteorological registers, 18.50, E. Brnfiger. 

OermantoKn. — Abstract from journal, January 8-February 11, 1856, 
Cbas. J. Wister. 
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Harrisbvrgh. — Mean temperature, 1842-1849. 

Johnatoum, — Registers from self-recording barometer, D. Peelor. 

LancoHter Colliery. — ADDual meteorological reports, 1850, 18J8, 1859, 
P. Friel. 

Lam/ord. — Height of barometer, December, 1872, C. B. Burch, 

Lima. — Meteorological observations, 1857, Marshall Painter. 
. Manchester. — Weather report, March, 1850, E. Marks. 

JfeaiiutVte.— Meteorology for April, 1872, C. M. Burkhalter. 

Morrisville, — Minimam temperatare, 1790-1852. 

Nazareth. — Meteorological J oaroal, 1787-1792. 

Philadelphia Abstract of Qirard College obserrations, 1842-45. An- 
nual report ou meteorology and epidemics for 1858, Dr. Wilson Jewell. 
Barometric and thermometric cnrves, 1844. Biirometicnl curves from 
three and a half years' hourly obaervatious, 1842-45, at Girard College. 
Weather log, 1870-72, F. Eorner. 

Pittsburgh. — Weather signs, G- Albree. 

Reading. — Meteorological observatioos, 1857-'63, John IToyl Baser. 

ShamoJcin. — Condensed meteorological report, 1855-'59, P. FrieL 

Shirleyaburgh. — Meteorological report, December 25-February 2, Jamee 
Car others. 

Somerset. — Mean temperature at Somerset, Pa., 1844-1859. 

Tamaqua. — Barometrical record, January, 1873. 

WeJ/sfcoroHjjA.— Notes of storm of September, 1869, W. II. Cobb. 

Wentchevter. — Meteorological observatioDS, 1855-1873, J. C. Oreen. 

Whitelionse. — Meteorological observations, July, 185C, Edward Kohler. 

Williamsport. — Weather notes, April, 1873, J. Emery. 

Worlhington. — Meteorological observations, January-June, 1859. 

York. — Temperature report, July, 1866. 

BHODE ISLAND. 

Table showing amoontof rain and melted 8dow for each tnootli, 1870-'73. 

Providence. — Mean height of the barometrical column at Providence, 
A. Caswell. Meteorological diary, July, 1854. Meteorological observa- 
tions, 1800, 1852, 1855, 1858, A. Caswell. 

SOUTH CABOLINA. 

Camden. — Account of the meteon)logy of the great storm, January 
18, 1857, Dr. YouDg. 

Charleston. — Abstract of meteorological report, 1855-'58, Dr. J. L. 
Dawson. Extreme and mean mouthly temperatare within doors, 1842- 
'00. Kaiu-lall, 1738-1759. 

Evergreen. — Meteorological rei>ort, September, 1858, E. J, Earle. 

Fulton. — Precipitation and cloudiness, 1818-1824, J. Dyson. 

QreenxnUe. — Meteorological observations, 1839-1845, Elias Earle. 

Pendleton. — Accouiitof mountainous regionof South Carolina, Thomas 
G. Clemson. 
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Pomaria. — Meteorological report, November, ISTl-Jauuary, 1872, D. 
BenjainiD Busby. 

8aint Helena Island. — A daily jonrDal of the temperature aud changea 
of the weather, January &-April 6, 1826, fouutl by Dr. Walker, 

Saint John. — A meteorological journal for the year 1860, (Black Oak 
Agricultural Society, T.P.EaveueI,8ecretary,CbarIe8toii, 1861.) Meteor- 
ological joaruiil, 1851, 1852, 1855', 1857, kept for Black Oak Agricultural 
Society, by H. W. Raveuel, secretary. 

Wttcoaman. — Diagrams of meau meteorological elements, 1856, Alex. 
Glennie. Meteorological notes, 1855. 

WilkingviUe. — Weather report, March, April, 1867, Cenrlea Petty. 

TENNESSEE. 

Beech Orove. — Weather notes, February and March, 1807. 

Dover. — Jleteorological observations, 1846-'49, Dr. Farcl. 

Etizabethton. — Temperature observations, February, ISOS, Charles H. 
Lewis. 

Olemcood. — Diagram of aonaal quantity of rain, 1851-'68, William 
Stewart. 

KBOjcinc. — Carves of horary variatiooB of atmospheric pressure, 
June, 1854. Meteorological observations at East Tennessee Uuiversity, 
1843~'45. 

Memphig. — Abstract of meteorological observations, July, 18(19, Ed- 
ward Goldsmith. Meteorological aud uosological report for the lirst six 
months of 1857, Dr. Dauiel F. Wright. 



Climate of Texas, (Texas the Homo for the Emigrant, Austin, 1873.) 
Total monthly rniu-fall in Victoria County, October, 1872-October, 1873. 
I'Lumas B. Cocke. 

Awatin. — Mtteorologiciil observations, 1857-70, J. Van No.straud. 

Belmont Farm — Temperature tables, March, April, 1872, T, M. Scott. 

BurkeviUe. — ^Table of the weather, August, 18iiO-Doceiiibcr, 1809, 
N. P. West 

Boerne. — Meteorological register, January, February, 1872, J. G. 
O'Grady. 

Vlarksville. — Temperature notes, October aud December, 18C9, Jofaa 
Anderson. 

Clear Lake. — Meteorological observations, July, 1871, George K. 
LeoDt. 

Columbia. — Meteorological observationa. Cedar Grove plantation, Jan- 
nary, 1867. 

Dallas. — Meteorological report, June, 185J-AnguBt, 1852, W. A. Ferris, 

Oalreston. — Curves of barometer and thermometer, October-Decem- 
ber, 1851, February, 1853. 

Bomton. — Meteorological observations, December, 1869, Aprit-Octo- 
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ber, 1870, J. E. Stanley. Meteorological obserratioDs, 18C^'G6, Dr. A. 
M. Pot'er. Mi-teorological reports, May, 18C9-Matcb, 1870, J. H. Stan- 
ley. Meteorological tables, September, 186^-Jauaary, 1863. Weattier 
uotes, March, 18C7, Miss E. Baxter. 

Ettii/man. — Meteorologiual reiwrt, September, November, ISGfi, James 
Bronu. 

Lavaca. — Meteorological report, December, 1868, January, 18C0, L. D. 
Hen ton. 

A'tic Vim. — Meteorological reports, July, 1872-Jnly, 1873, C. Biinge. 

Oakland. — Weatber uotes, February, Marcli, 1871, F. Simpson. 

Pia Oaft.— Meteorological table, 1856, W. H. Gantt. 

Red River County. — Meteorological observations, July, 1871, Alleo 
Martin. 

Roundtop. — Meteorological table, 1859. 

San Antonio. — Ubart showing rate of mortality, mean temperature, 
and relative tiumtdity of air, 1873, F. Pettersen, Meao temperature and 
rain, 1S6S-'71, F. Pettersen. Mean tenipcrstare, humidity, and rain, 
1873. Table of mean temperature, humidity, aud raiu-fall, 1873, Dr. F. 
Pettrrsen. Table showing number of times wind blew from each direc- 
tion in 1873, F. Pettersen. Temperature, humidity, aud rain-fall, 1868-'69, 
Frederick Pettersen. Wind's progress represented by a polygon, Dr. 
F. Pettersen. 

Waakinglon. — Memorandum for 1856. 



Meteorological journal of a journey from Fort Leavenworth to Salt 
Lake City, 1855, David A. Burr. 

Coalmlle. — Meteorological observations, 1865, 1870, Thomas Bullock, 
Begister of maximum and minimum temperature, 1869, September, 1871- 
January, 1872, T. Bullock. 

Marriaburgh. — Weather report, February, March, 1872, James Lewis. 

Mount Carmel. — Weather report, December, 1871-January, 1872, O. 
E. Bolton. Weather report, October, 1873, W, J. Earl. Weather report, 
February, 1873, D. B. Fackrell. 

Saint Sfari/'e. — Register of maximum and minimum temperature, June, 
18C5-August, 18G7, Thomas Bullock. 

Salt Lale City. — Meteorological observations, 1850, Captain Stans- 
bury. Weather report, 1868, William Fuller. 



Brandon. — Weather notes for January, 1865, R. V. Marsh. 
Burlington. — Meteorological observations, 1828-1855. 
Emt Montpelier. — Meteorological observations, 1S55, B. L Wheeler. 
FaycUerHle. — Ilecord of meteorological obBervations by Gen. Martin 
Field, 1826-1834. 
i'i7/ini/(on.— Sketch of mountains around Killington, Ilosea Doten. 
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Lune^ibttrgh. — Meteorological table, observations from 1848-1872, H. 
A.GnttiDg. 

Middlehvry. — Acconnt of earthqnalce, December 18, 1867, H. A. Sbcl- 
dou. 

Sorvich. — Meteorological report;, April-May, 1850, A. Jackman. 
Weather notes, Jaunary, 1872, S. B. Phelps. 

Stanxtead. — Accouut of storm, December, 1856, Jaooary, 1857, Moses 
8. Field. 

West Charlotte.— ObaervKtioDB on clouds, March, 1870, M. E. Wiop. 
Periodical phenomena, record of suow storms, phenomena of dew, &c., 
M. E. Wing. Weather notes and meteorological pbeDomena, 1869-'71, 
M. E. Wing. 

Woodstock. — Meteorological observations, December, 1873, Rosea 
Doten. Becord of masimnm and minimam tvmperatnre for November, 
1S67, L. A. Miller. Measurements of rain and melted snow, 1857, Charles 
Harsh. 



Account of destructive storm, September 6, 1769. 

Animals found in Madison County. 

Diaries, 1844-1860. 

VapernUe. — Statement of temperature, 1870, Emma C. Townseud. 

Cufpgtper.— Temperature, 1869-1872, A. Taliaferro. 

Fort Monroe. — Temperature observations, 1825-1854. 

Gary«ct»e.— Meteorological table, 1856, Dr. T. F. Beckwith. 

Qlade Creek. — Account of storm of January, 1857, Dr. Henry M. Price. 

Glasgow Station. — Temperature observations, 1866-'68, E. J. Davis. 

Qosport. — Meteorological table kept at navy yard dispensary, 1846. 

Pi&dmont. — Notes of observations, August, 1871, Franklin Williams. 

Portamouth. — Wind diagramii, Febmary, 1852, N. B. Webster. 

Powhatan £t7I.— Rains of 1867, E. T, Tayloe. Weather notes, August, 
18G6, May, 1867, May, October, December, ISGS, 1869-1873, E. T. 
Tayloe. 

Rose Hill. — Meteorological statement, 1859, Geo. W. 0pshaw. 

Rougemont. — Account of snow-storm January 18, 1857, thermome- 
trie observations, December, 1855-December, 1856, Geo. C. Dickinson. 

&tem.— Weather-log, 1868-'71, T. Horner, jr. 

Sraithfield. — Meteorological journal, 1855, Dr. John B. Pnrdie. 

Hurry. — Tabular view of meteorological phenomena in the winter of 
1867, R W. Jones. 

Tribroole Form.— Weather notes, 18G7-'68, W. H. Ruffner. 

Washington College. — Barometrical observations, March, 1869, W. H. 
Ruffner ; temperature reports, April-May, 1869, Professor Campbell. 

Wythe^ille. — Meteorological observations, Octotier 31, 1872, J. A. 
Brown. 

Barometer and thermometer curves 1868-1872. 
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WASHINOTON TEBBITOBT. 
Cape Disappointment. — Meteorological observations, IS64-'68. 
CatMamet. — Notes for December, 1873, Chas. McCall. Wentber ootes, 
Sei)tembcr, ISOS-Septeniber, 1869, December, 1873, Cbaa. McCalt. 

Union Ridge. — Weather DOtes, Jannary-March, 1871, Thos. SI. Whit- 
comb. 

WEST TIBSIKIA. 

Temperature observations, Jannary-Jnly, 1868, S. J. Stamp. 

Weather notes, March, April, 1866, W. H. McDowell. 

Kanawha Salines. — Depths of rain, April, 1857-April, 1858, W. G. 
Reynolds. Meteorological obsenatious, 1828-1842, 1S56 L. D. S. Buff- 
uer. 

Sheets Mills. — Table showing highest and lowest range of tliermome- 
ter, 1856-1865, Hendricks Clark. 

Weston. — Meteorological reports, 1869-'73, BenjamiD Owen. Meteor- 
ological report, December, 1873. Temperature observations, May, Jane, 
1870. 

wiscoMsm. 

Map of Wisconsin, with lines showing effect of Lake Michigan on 
temperature, I. A. Lapham. 

On the climate of the country bordering on the great North American 
lakes, with map, I. A. Lapham. 

Baysjield. — Meteorological observations, March, 18CC, Andrew Tate. 

Beaver Dam, — Account of hail-storm, May, 1855, Reuben Smith. 

Beloit. — Abstract of meteorological observations, 1873, A. A. Blais- 
dell. 

Detroit. — Annual summary of weather record for 1873, F.W. Higgins. 

Hartford. — Meteorological observations, 1859-'62, Uopewell Cox. 

^infr/iim.— Meteorological reports, 1867, John do Lyser. 

fja Pointe, — ^Thermometric record, July-September, 1856, Edwiu Ellis. 

Le Roy. — Remarks on the weather, August, 1873, E. H, Benton. 

Manitowoc.— Amoaat of rain and melted suow, 1SG3-72, Jacob Liips. 
Das Gedeiheu der Fflanzen, Jacob Lups. Meteorological table showing 
the temperatnrc from 1852-1871 inclusive, Jacob Lups. Meteorological 
observations, October, 1851-December, 18-50; Jacob Lups. Sleteorologi- 
cal tables, 1852-18GG, Jacob Lups. 

Mitiraukee. — Atmospheric tide deduced from hourly obser\ationa in 
Oetober, November, and December, 1868, and January and February, 
ISUO, I. A. Lapham. Table showing mean temperature, 1837-18G4, 1. A. 
Lapham. 

Xew Daiiemora. — Meteorological observations, 1858, Emil Haenser. 

Odanah. — Register of thermometric observations, November, 1855- 
March, 185C, Dr. Myron Tompkins. 

riattctilU:.— Meteorological abstracts, January and June, 1855, J. L. 
PickanL 
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Racine. — MeteorotogicHi observations, November, 1$55-Aagust, 1S56, 
E. Seymour. 

Summit. — MeteorologicAl obaervatious, 1845-September, 1S30, E. N. 
Spencer. 

Waatoma. — Meteorological notes, April, 1870, Jonathao Spanldiug. 
Statement of weatber, April, 1866-March, 1870, J. Spaulding. 

"WTOMma TEBEITOEY. 

Meteorological notes, January, February, 1871. 
Atlantic City. — Meteorological observatione, 1871-'72, Geo. H. Lewis. 
Fort Laramie. — Hourly observations of thermometer, January 4-Jan- 
nary 7, 1S<>4, Colonel Collins. 
Laramie City. — Account of climate, Dr. H. L. Latham. 

POLYNESIA. 

aAKDWIOH ISLASHa. 

Meteorological observations, ]846-'47, Dr. W. Hildebrand. Account 
of volcanic disturbances. Dr. W, EiMebrand. 

Fi7o.— TUerraometric record, June, 1852-1853, Dr. H. M. Lyman. 

Sonolulu. — Meteorological observations, 18C3-'72, Ciipt. Daniel Smitb. 
Meteorological observations, 1869-'72, Mrs. Dr. E. Hofmau. 

Laihainaluna. — Meteorological observations, April-June, 1814. 

SOUTH AMERICA. 
BOLIVIA. 
San Luis Potosi. — Diagram of temperature observations at 6 a. m. and 
2 and 10 p. m. 

ECUADOB. 

Quayaquil. — Meteorological observations, October, 1863, A. Destruze. 

6 ;JIANA. 

British Qttiana. 

Georgetown. — Daily mean of meteorological elements at Georgetown 
observatory, Janoary-Joat, 1854, February, 1SC4, P. Saodcmau. 

Dutch Quiana. 

Paramaribo. — Maximum and minimum temperature, August, 1859, C. 
J. Hering. Temperatore and rain-fall observations, June G-Dccember 
15,1867, January-July, 18C9. Werkundige warmemingeu te Paramaribo, 
18CS-'69. 

PABAOUAY. 

Aaancion. — Meteorological observations, November, December, 1853, 
Klem. E. Hopkins. 

Dni,l.z.dcy Google 
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Ariea. — Meteorological observationa, 1854- '55, W. W. Evaos. 
Jquitoa, — Meteoiolo^cal records, 1871-74, V. Gait. Sammarj of ob- 
servations, 1871-72. 

TENEZUELA. 

Caracax. — Begister of meteorological observations. 

CoUmia Tovar. — Diagrams and tables of meteorological observations, 
1854-1856. 

La Guayra, — Temperatnre at tbe pott of La Gnayra, October, 1872. 
Meteorology and atatistica, September 16-30, November 1-16, 1869, C. H. 
Loebr. 

Barometrical observations taken on jonrney to interior, Dr. A. Ernst. 

WEST INDIES, ETC. 
AZORES. 

Meteorological obaerratioDS at SaiutMicbael io 1874, Tbos. Hickling. 

BAHAMAS. 

Meteorolo^cal tables, January, 1841-Aaga8t, 1845, J. C. Lee. 

Meteorological journal at public library, Bahamas, 1858-'59. 

TurWs Itland. — Meteorological observations taken iu Janaary, 1865, 
at United States consulate. Meteorological observations, Jnly-October. 
IbCT. Observations taken at Turk's Island, 1860. 



Meteorological observations taken at Little Island, Saint Joseph,1873. 

Eaiu-faU in Barbados, 1872-73. 

Bain-falt and meteorological observations^ 1873. 

BERMUDA. 

Abstract of tbe Boyal Engineers' meteorological observations at Ber- 
muda, 1859. 

Extract from the meteorological report of observations taken at Cen- 
tral Signal-Station, 1860-'64. 

CUBA. 

Parana.— Observaciones mcteorologicas, 1842, L. B. Gibbes. 



Port au Prince. — Bxtrait des regislres de la station m^t^rologique 
Bur la quantity de pluie annnelle qui tombe au Port au Prince, 1867, 
(Muniteur, 15 aofit, 1868.) 8ur la pluie tomb^ «u Port an Prince en 
ISCS, et Bur la temperature, (Le Moniteur, fiSvrier, 1869.) Sur la tem- 
perature dn Port au Prince, (Moniteur, samedi, 14 novembre, 1865.) 
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Up Paak Gamp, meteorological observatiODB, Jaoaary-Murch, 1856. 

ST. OBOIX. 

Notice of eartbqnake, March 19, 1868, E. H. Perkins. 

ST. MARTIN. 

Notice of eartbqnakes, Jaonaij, 1869. 

MISCELLANEOtra AND UNKNOWN LOCALITIES. 

Abstract of loga and observatioos takeo at sea. 

Account of meteorological observations in New Granada, Central 
America, Mexico, and Alabama, A. Oornette. 

Carras correspoadientes, de Abril de 1866. 

Map of Polar Sea, illuatrative of acquired facts, M. S. Fields. 

Maximum, minimum, and mean temperature, 1871. 

Meteorological observations, 1829. 

Meteorological observations, 1870, G. G. Doane. 

Meteorological obsei-vations, April, 1855--March, 1857, 

Meteorological observations at sea, 1807-1812. 

Meteorological observations, June, 1847-April, 1819. 

Meteorological observations, registered on board yacht Fox, Jnae, 
1857-September, 1859, F. L. McCiintock. 

Meteorological observations, October, 1867. 

Meteorological record, July-September, 1822, 

Meteorological record, December. 

Meteorological report of United States frigate United States, April- 
Jnly, 18M. 

Meteorological report of United States revenue steamer Wyanda, 
May-October, 1868. 

Peiiodic;!! pbeuomeaa, 18GC. 



^d by Google 



BEPORT OF THE EXECUTIVE COMMITTEE. 



Tbe ezecntive committee of the Board of Regents respectfully 8ab- 
mit the followiog report iu relatioD to tbe fauds of tbe lustitation, tbe 
receipts and expeaditDres for the year 1874, aod the estimates for the 
year 1876 : 

Statement of the/und at the beginning of the year 1875. 

The amount originally received as tbe bequest of James 
Smithson, of England, deposited in the Treasury of tbe 
United States, in accordance with tbe act of Congress of 
August 10, 1846 WIS, 169 00 

The residuary legacy of SmiCbson, received in 1865, depos- 
ited in the Treasury of the Uoited States, in aocordaoce 
with the act of Congress of February 8, 1867 26, 210 03 

Total bequest of Smithson 541, 379 63 

Amount deposited in tbe Treasury of the United States, as 
antborized by act of Congress of February 8, 1867, de- 
rived from savings of income and increase in value of 

investments * 108, 620 37 

Amount received as tbe bequest of James Hamiltos, of 
Car]isle,Pa 1,000 00 

Total permanent Smithson fund in the Treasury of the 
United States, bearing interest at 6 per cent., payable 
semiannually in gold 651,000 00 

In additiou to tbe above there remains of the extra fund 
from savings, &c., in Tirgiuia bonds and certitlcates, 
viz: Consolidated bonds, $58,700; deferred certificates, 
$29,375.07; fractionalcertificate, $50.13: total, $88,125.20; 
now valued at 35,000 00 

Cash balance iu the United States Treasury at the begin- 

ing of the year 1875, for current expenses 16,909 99 

Amount due from First National Bank, WashingtAu, 
$4,112.43, (present value unknown) 

Total Smitboon fbnds 15tb January, 1875 $701, 909 99 

Digitized by Google 
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The coupons ou the Virgiuia bonils beld by tbe lastitution vere sold 
ou the 10th May, 1874^ by KiggH & Co., with the folloniog result : 

11,200 Virginia coapons, at 77J $925 50 

$2,322 Virginia conpons, at 77 1,787 94 

2, 713 44 
Less charges ', 17 01 

$2,C95 83 

This amouDt was deposited with tbe Treasnrer of the United States 
OQ accoaot of the carrent expeoses of tbe Institution for tbe year. 

The value of Che Virgioia bouds held by the Institution has tDcreased 
during tbe year about $2,000. 

Coapons due Jaly 1, 1874, aod January 1, 1875, are atilt aocollected, 
and will form part of tbe iuconie for tbe year 1875. 

It was stated in the last report that at tbe time of the suspension of 
the First National Bank of Washington, (19th September, 1873.) where 
tbe cnrrent funds of the Smithsonian bad been deposited, there were 
tS, 224.87 to the credit of the Institution ; and that on the Iltb of No- 
vember, 1873, a dividend of 30 per cent., or $2,407.40, bad been recei\ed, 
leaving a balance of $5,767.41 due. A second dividend ou this deposit 
was made ou tbe 7th of April, of 1874, of $1,044.97, still leaving 
$4,112.43 due the Institution, which it is Loped will be received at, least 
in part during tbe coming year. 

Statement of tbe receipts and expenditures in 1874: 
RECEIPTS. 

Interest on $650,000 from the United States, per cent., 

gold $39,000 00 

Interest on $1,000 from tbe Hamiltou foeqnest, from 24th 

February, 1874, to 3l8t December, 1874 60 88 

Premium on gold 30th June, 1874, 110^: and 31st Decem- 
ber, 1874, 112}, (less commission) 4, 308 35 

Interest on Virginia stock, coupons sold, (9tb May, 1874), 2,C95 83 

Twenty per cent, dividend from First Natiouiil Bank, (7tb 

April, 1874) 1,044 97 

Total receipts 47,700 03 

EXPENDITDEE. 

Total expenditure from the Smithsou income in 1874 44, 010 72 

Balance unexpended of tbe annual income which is includ- 
ed in tbe oash balance in the Treasury, ($15,009.99).... 3,683 31 

;,lzedbyG00gIe 
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Statement of expenditure in detail from the Smit'iton ieioome, 1874. 
Building. 

Eepairs of the bniUiDg $3, 507 60 

Foniitorw and fixtures 717 73 

N,225 39 

General expetitea. 

Meetings of the board 312 87 

Ligbtiug tbe building 523 16 

Heatiug the building 305 47 

Postage : 81 07 

Stationery 492 04 

Incidentals 817 17 

Salaries and clerk bire 12, 730 00 

Purchase of books 457 43 

15,719 80 

Publications and researches. 

Smithsonian Contributions 7, 022 98 

Miscellaneons collectiona 7, 303 67 

Reports 664 92 

Other publications 93 40 

Meteorology and researches 881 97 

Apparatus 1, 142 60 

Laboratory 9 10 

Lectures 600 00 

17,778 64 

Exchanges. 

Literary and scientific exchanges, &c 5,589 89 

Museum. 
Incidentals in addition to Government appropriation 703 00 

$44,016 72 
As usual, the Institution has during the past year made temporary 
advances fur tbe payment of freight on Government collectious, pnr- 
obase of instruments for exploring parties, &c., the repayments of 
which, together with the amount received from sales of publications, 
have been deducted from the several items of tbe foregoing expendi- 
tares, as follows : 

Repayments. 

From exchanges, repayments for freight, &c SI, 205 14 

From postage, repayments 45 45 

From researches, repayments 95 70 

From Smithsonian Contributions, sales 115 00 

From miscellaDeous collections, sales 157 07 

From salaries, repayment of advance 40 00 

From incidentals, sales of old material 7 27 

«l,6a0 8!) 
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Tbo followiog are tfae estimates of receipts and appropriatioDS of the 
SmiUisoD fund for tlie year 1875 : 

JEatimated receipts. 

Interest on the permanent fund, receivable 30lh 

June, 1876, in gold $19,500 

luterest on the permanent fund, receivable 31st De- 
cember, 1875, in gold 19,500 

Interest on tbe Hamilton fand 60 

Probable premiam on gold, 10 per ceot 3, 006 

Interest on Virginia bonds 2,000 

$44,966 

Provmonat a^rt^riatiotu. 

For building $2, 000 

For general expenses 14,000 

For publicatioDS aud researches 20, 000 

For exchauges 7, 000 

For books and npparatns 1,000 

For coDtiugencies ■ 906 

«44,966 

NATIONAL MUSEUM. 

The annual appropriation of Congress for the preservation of the 
OoremmeDt collections intrusted to the care of the Institntiou has 
been continued during the past year, aud an w^ditional sum of 
$10,000 has been granted for the fitting up and completing tbe cases in 
the new halls required for these collections. 

The latter appropriation has been expended in the construction of wal- 
nut table-cases with glass tops and sides, for the exhibition of the smaller 
ethnological specimens in tfae upper ball, aud for large cases for mam- 
mals aud fishes in the lower hall. The latter cases have also been so 
constructed as to serve as bases or platforms for restorations of the 
megatherium, hadrosaurus, glyptodon, &c., thus utilizing a large space, 
and forming a very striking aud imposiug feature of the collections. 

The followiug is a tabular statement of the condition of the Museum 
funds : 

For preservation of the Qovernment oolleetiona. 

Balance unexpeuded of appropriation for the 

fiscal year ending June 30, 1874. (Statutes at 

Large, vol. 17, p. 518) See Report for 1873, 

page 145 $7,500 00 

Amount expended to December 31, 1874. (See 

Museum Jourual A, p. 73.) 7, 500 00 

Balance Nottaing, 

D,=;,i,zed by Google 
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AppropriatioD for fisca) year ending Jnne 30, 

1876. (Statutes, 1874, p. 210) $20, 000 00 

Expenditure from July 1, 1874, to January 11, 

1875. (See Museum Journal A, p. 106) 12, Oil 38 

Balance UDezpended $7, 988 63 

Jbr fitting up halla for Qovernment eolUetiont, 

Balance nnexpended of appropriation for fiscal 
year ending June 30, 1874. (Maseum Journal 
A, p. 519) $5, 550 92 

Expenditure on this account in 1874. {Museum 
Journal A, p. 527) 5,550 92 

Balance Notliing. 

For steam-keatii^ apparatus for Museum. 

Balance nnexpended of appropriation for fiscal 
year ending June 30, 1874. (Museum Journal 
A, p. 533) 3,462 03 

Expenditure on this account in 1874. (Museum 
Journal A, p. 627) 3, 462 03 

Balance Nothing. 

For fitting vp and completing eases for collections. 

Appropriation for fiscal year ending June 30, 

1875. (Statutes, 1874, p. 216) 10,000 00 

Expended on this account in 1874. (Museum 
Journal A, p. 106) 10,000 00 

Balance Nothing. 



From the above statement it appears that of the congressional appro- 
priations for the National Museum, the only amount unexpended and 
now available for the collections is 47,982.62. The estimates submitted 
by tbe Institutiou to Congress for the fiscal year ending 30tb June, 
1876, were as follows : 

For the preservation of the collections $25, 000 00 

For fitting up and completing the cases 10, 000 00 

Total amount required $35,000 00 

Wo have no reason to doubt that this sum, or the greater part of it, 
will be appropriated by Congress during the present session. 
All tbe payments on account of tbe National Museum have been made 
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daring the past year, directly by the djsbnrBiug officer of the Depart- 
ment of the Interior, on the presentation of voncheiB approved by the 
Secretary of the SmithsoDian Institntion. 

The executive committee have examined five hundred and seventeen 
receipted vouchers for payments made from the Smitbson income 
during the year 1874, and four bnndred and seventy similar vouchers 
for payments made from the congressional appropriations for the Na- 
tional Mnseum, making a total number of vouchers of nine hundied and 
eighty-seven. 

All of the vouchers have the approval of the Secretary of the Institu- 
tion, and a certificate setting fortli that the materials and property and 
services rendered were for the Institution, and to be applied to the pur* 
poses specified. 

As authorized by a resolution of tbe board 2Cth May, 1874, the com- 
mittee have also examined the account-books of tbe National Museum 
and find the balance of $7,988.62 to the credit of the appropriation for 
the " preservation of tbe collections" remaining on the 11th January, 
1875, to correspond with the certificate of the disbursing clerk of the 
Department of the Interior. 

The quarterly accounts cnrreut, bank-book, check-book, and ledger, 
have also been examined and found to be correct, showing a balance iu 
tbe care of tbe Treasurer of tbe United States 15th January, 1S75, of 
915,909.99. 

Bespectfnlly submitted. 

PETER PARKEE, 
GEO. BANCROFT, 
Executive Committee, 

■WA^HINGTON, January 23. 1875. 
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Washiwgtok, D. C, January 20, 1875. 

In accordance witb a reHoIntion of the Board of Begenta, fixing the 
third Wednesday of January as tlie time for the commeDcement of the 
annnal session, a meeting of tbe Board of Begeots was held on Wednes- 
day, 20th of January, 1875, at 7 o'clock p. m., at the Smithsonian Insti- 
tation. 

Present, the CbaDcellor, Chief-Justice Waite ; Hou. Henry Wilaon, 
Vice-President of the United States ; Senators H. Hamlin and A. A. 
Sargent; Bepresentive Hon. E. B. Hoar; Hou. Peter Parker, Prof. 
Asa Gray, L. h. D., Prof. H. Copp^e, L. L. D., Hon. George Bancroft, 
and Professor Henry, the Secretary. 

The minutes of the last meeting were read and approved. 

Escnses for non-attendance were received from Prof. Dana, Doctor 
Maclean, Hou. Mr. Stevenson, and Hon. Mr. Cox. 

Tbe Secretary presented the following letter from General Shprman, 
which was read : 

Headquaetehs Aemt of the United States, 

Saint Louis, Mo., November 12, 1874. 

My Deab Pbopessoe : Having removed my headquarters and resi- 
dence from Washington to Saint Louis, it is proper that I should resign 
the post I have held for » few years as a Begent of yonr moiit honored 
Institution. I beg, therefore, that yon will construe this letter as a 
tender of my resignation to the Board of Begents, or to such official as 
can accept the same. 

In thus severing my official connection with tbe Smithsonian, I beg 
leave to express to you and your associates my sense of the noble task in 
which you are engaged, and of my earnest prayer that tbe Institotion 
onder your management will coutinue to fulfil its magnificent design. 

A knowledge of scieuce, that is of the laws of aaturc, is so intimately 
connected with the advance of higher civilization, that Mr. Sraithson 
displayed unusual wisdom in so endowing his iustitution that it should 
give its principal labor to tbe increase of knowledge, to accumulating 
and securiug new knowledge to be added to the old, which should be 
a S|)ecial province of the universities of the whole earth. I therefore 
coincide with you perfectly iu your special constroctiou of the will, and 
hojie that the Begents will coutinue to construe it literally, as a legacy 
sacred in its nature and beneficial in the highest degree. 

I beg you will assure your associates that among the many causes of 
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regret at leaviag Washington, none impresses me more than that which 
forces me to sever my relatioDS with the Begents of the SmitJisonian 
Institution. 

With great respect, yoar fHend aod servant, 

W. T. SHEBMAN, 

Oeneral. 
Prof. Joseph Hbhbt, 

Smithsonian Institution, WaaMngton, D. 0. 

On motion of Dr. Parker, it was 

Baolved, That the Secretary of the Institution acknowledge the 
receipt of the letter ttom Oeueral Sherman, and express to him the 
high appreciation of the members of the hoard of his services as a 
Begent, and their regret at the temtination of hts official counection 
with the Institution. 

The Secretary stated that Congress had passed a joint resolution 
electing Hon. George Bancroft, who had recently become a permanent 
resident of Washington, as Begent to fill the vacancy occasioned by the 
resignation of Oeneral Sherman. 
On motion of Mr. Wilson, it was 

Resolved, That the vacancy in the Executive Committee, occasioned 
by tbe resiguation of General Sherman, be filled by the appointment of 
Hon. Georqe Bakcroft. 

The Secretary presented his annual report of the operations and con- 
dition of the Institation, which was read in part. He also presented 
exhibits of the finances, which were referred to the Executive Com- 
mittee. 

The Secretary stated that tbe annual acconnts bad been made up to 
the 15th of January, the date at which the semi-annual interest was 
received from tbe Treasury Department. 

Dr. Parker,' from the Executive Committee, presented a preliminary 
report on the condition of the Smithson fnnd, aod the receipts and 
expenditures for the past year, and stated that all the vouchers for pay- 
ments had beeu carefully examined by tbe committee, who would sub- 
mit a full report at tbe next meeting. 

The Secretary explained several features of the appropriations and 
expenditures of the year, the deposits made with the Corcoran Art 
Gallery, Army Museum, Department of Agriculture, &c. 

A statement of the circumstances attending a theft of $154.60 from 
the office of the Secretary of the Institation, was made by Prof. Henry, 
and, on motion of Mr. Sargent, it was 

Resolved, That the amount of tbe loss ($154.50) be charged in the 
account to " incidental expenses." 

The reading of tbe report of the Secretary was then resumed. 

At tbe suggestion of the Secretary^ it was 

Resolved, That a committee, consisting of Professors Gray and 
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Copp4e, be appointed to examiDe and report on the present condition 
of thf> museum, especially the ethnological department. 

The board then adjoorned to meet on Satnrday evening, January 23, 
at 7 o'clock. 

Washingtom, January 23, 1875. 

A meeting of the Board of Begents was held this day, at 7 o'clock 
p. m. 

Present, tbe Chancellor, Chief-Jostice Wait*. Senators H. Hamlin, J. 
W. Stevenson, and A. A. Sargent ; Bepresentatives S. S. Cox, E. R. 
Hour, G. W. Hazelton; Hon. Peter Parker, Prof. Asa Gray, Prof. H. 
Oopp^, Hon. George Bancrott, and the Secretary, Professor Henry. 

Tim minutes of the last meeting were approved. 

Dr. Pnrkcr presented the annual report of the Executive Committee, 
which was read and, on motion of Mr. Hamlin, adopted. 

Dr. Gray, from tbe special committee to examine tbe mnseam, pre- 
sented the following report, which, on motion of Mr. Sargent, was ac- 
cepted and ordered to be printed in the proceedings of tbe board : 

REPORT OP 8PECIAI. COHMITTBE ON THE HUSEUU. 

Tonr committee appointed to examine the maseum has devoted as 
much time to the examination as the members of it could secnre during 
the past two or three days, and would respectfully offer a few remarks 
opon its coudition. It is uot supposed that any full or detailed report 
is expected. We will confine our observations to the ethnological 
museum, the only one we have found time to inspect with any cure. 

At tbe previous sessiou of the board, about nine months ago, tbe 
large upper ball bad barely been made ready to receive tbe ethnological 
and archeeological collections, and a portion of the wall-cases only were 
in place. The progress that has been made in the iutervalls very grati- 
fying. The hall, although not filled, has been well supplied with glazed 
cases, for tbe mo.«t part excellent in plan and coustraction ; and the very 
large and varied collection of objects is arranged in tbeni i^nd dis- 
played to public view. There is still much to be done in perfecting *be 
tbe arrangement and tbe labeling, and there are recent accessions to l>e 
added. But even now, it is a great pleasure to see bow well cared for 
and how important this museum is, and bow much it interests a numer- 
ous throng of visitors. In this respect it t^ecms likely to be even 
more attractive than the museum of natural history underneath. U is 
only when an ethnological collection is brought together opon a com- 
prehensive scale, and is well arranged upon some intelligible principle, 
that any one realizes its interest and importance. 

Tho arrangement which is, as we may aay, technological rather than 
geographical, appears to be the one best adapted for such a museum — 
most useful to the serious student as well as most instructive and 
curious to the general visitor. Objects of tlie same class or subservient 
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to the same purpose are brought together from wbaterer country, and 
of whatever age. Articles of dress, ornameot, or food, implemeDts for 
their preparatioo, utensils for domestic use, nets, weapons, and the like 
thus illustrate each other. 

Among the special collections, newly put together, we were much in- 
terested in the very fall ooe of the food, especially the vegetable food 
of the different tribes of the Korth American ludians; in the collection 
of their cradles or analogous appliaocea for the care of infants ; in the 
collection of masical instruments, or what was intended to answer the 
purpose of music , and in the fine pottery of the Arizooian and other 
tribes. 

The mnseum is especially rich iu stone implements of the Korth 
American continent, mainly prehistoric ; also iu specimens of the sur- 
vival of the art of working stone weapons of the finest kind, in some of 
our native tribes. 

In the further development of the mneenm it may be thought best to 
arrange the archaeological specimens in a separate series, but, as to 
America, it is not easy to draw a line between what is prehistorie, aud 
what belongs essentially to the preaeut era. 

A great number of duplicates will soon be ready for exchange. Be- 
sides proper duplicates, freely available for exchange, there is, wherever 
the materials and the subject admit of it, a selected series careruliy 
packed away iu the lower part of the cases, or directly nnderneatb the 
typical specimens or specimens selected for exhibition. For public in- 
spection in very large museums it is now a recognized principle that 
the half is better than the whole; that typical specimens, those that 
best exemplify the leading forma or plans, should be exhibited in prefer- 
ence to full series of gradations and modidcations. Bat the senoas in- 
vestigator needs all the forms, and this selected students' series, which 
is mostly out of sight, is carefully preserved for, and is accessible to, 
his use. 

A great deal of important ethnological matter has of late years been 
collected in the form of photographs, and it seems obviously important 
-that such collections should be systematically made and preserved, is 
not on the large scale, yet in the compact and effective form of stereo-, 
scopic views. If the figures, the costumes, and the dwellings of our 
various tribes still remaining are not perpetuated in this way very 
promptly, much which is now easy to preserve will be irreirievubly lost 
to the future. 

In this connection we would suggest that it might bo well to provide, 
a series of figures characteristic of the races of men, and especially of 
the Noith American races and tribes. This would require considerable 
room for exhibition and a great deal of jndgment as to the mode of 
getting np the material to be employed, and the extent to which this 
kind of illustration should be introdnced. 

This mnseum is very rapidly increasing, and it is remarkable that the 
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acceasiODS are made almost witbont pecuniar; cost. Hardly auy have 
been pnrcbased. They came from scientific or carioas explorers, whom 
the SmithsoQian lustitntion is everywhere exciting and fnrtheriug, and 
from OoveromeDt expeditions commissioned mainly for other tmimrtant 
objecta; and the facilities in the way of transportation controlled by 
the Institntion are snch that even the cost of their delivery in Wash- 
ington is trifling. 

It will be interesting to know to what extent the mnsenms which 
the Smithsonian Institution has in charge are visited by the pnblic. 
The committee woald suggest the use of a recording tnmstile at the 
entrance, by which the number of visitors might be indicated and pre- 
served with very little trouble. 

Respectfully submitted. 

^ ASA GRAY. 
HENRY COPPfiB. 

Doctor Parker, in behalf of the Executive Committee, stated that the 
heating- apparatus now employed was found iusnfiQcient in extremely cold 
weather to warm the building, particularly the new ethnological ball, 
and suggested the propriety of ashing Congress to appropriate $2,500 
to increase the means for beating the bailding. 

Mr. Bancroft remarked that this was not asking anything for the 
benefit of the Smithsonian Institution, but for the comfort of the people 
of the United States who come here to see the great collections of the 
Government, and who should certainly be provided with the means of 
doing this without the danger of taking cojd. 

On motion of Mr. Bancroft it was — 

Resolved, That Congress be request«d to make an appropriation of 
82,500 to increase the heating capacity of the apparatus used to warm 
the rooms occupied by the Government collections. 

The reading of the report of the Secretary was then continued. 
On motion of Mr. Cox, it was — 

Eeaolved, That the report of the Secretai? be accepted and transmitted 
to Congress as usual. 

The board then atyonrned sine die. 
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EULOGY BY ABAOO BEFORE THE FEEKCH ACADEMY. 



Tranblated by Prof. Bai>bn Fowelu 



HavJDg been appointed to draw up the report of a committee of tbe 
Chamber of Depnties, vbich was Dominated iu IS43, for the purpose of 
Inking into consideration tbe expediency of a proposal snbmittett to tbe 
chamber by tbe minister of public instrnction, relative to tbe pnblica- 
tion of a new edition of the works of Laplace at tbe pnblic expense, I 
deemed it to bo my duty to embody in the report a concise analysis of 
the works of onr illustrious conntryman. Several persons, influenced, 
perhaps, by too indulgent a feeling towani me, having expressed a wish 
that this analysis should not remain buried amid a heap of legislative 
documents, bat that it should be published in tbe Annnaire du Burcaa 
dcs Longitudes, I took advantage of this circumstance to develop it 
more fully, so as to render it less unworthy of public attention. The 
scientifiG part of the report presented to the Chamber of Deputies will 
be fonnd here entire. It bas been considered desirable to suppress the 
remainder. I shall merely retain a few sentences containing an expla- 
nation of tbe object of the proposed law, and an announcement of the 
resolations which were adopted by tbe three powers of the state. 

Laplace bas endowed France, Earope, tbe scientific world, with three 
magnificent compositions, tbe Traits de M^canique G41este, the Exposi- 
tion du Syst^me da Monde, and tbe Throne Analytique des Frobabili- 
t^s. In the present day (1842) there is no longer to be found a single 
copy of this last work at any book-seller's establishment in Paris. Tbe 
edition of the M^caniqne C61est« itself will soon be exhausted. It was 
painfol, then, to reflect that the time was close at hand when persons 
engaged in tbe stndy of the higher mathematics wonid be compelled, 
for want of the original work, to inquire at Philadelphia, at Xew York, 
or at Boston for the English translation of the ckef eCcerre of our conn- 
tryman by tbe excellent geometer, Bowditch. These fears, let us hasten 
to state, were not well founded. To republish the M<icanique Celeste 
was, on tbe part of the family of the illustrious geometer, to perform a 
pious duty. Accordingly, Madame de Laplace, who is so justly, so pro- 
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uown of tbo name which she hears, did not hesitate nbont pecauiary 
considerations. A small property uear Pont I'EvSqae was about to 
change hands, and the proceeds were to have been applied so that 
Frenchmen should not be deprived of the satisfaction of exploring the 
trcasares of theM^caniqne Celeste tbroogh the medium of the vernacu- 
lar tongue. 

" The republication of the complete works of Laplace rested npon an 
equally sure guarantee. Yielding at once to filial afifectioD, to a noble 
feeling of patriotism, and to the enthusiasm for brilliant discoveries 
which a course of severe stady inspired, General Laplace had long since 
qualified himself for becoming the editor of the seven volumes which 
are destined to immortalize his father. 

" There are glorious nchievemcnts of a character too elevated, of a 
luster too splendid, that they should continue to exist as objects of pri- 
vate property. Upon the state devolves the duty of preserving them 
from indifference and oblivion, of continually holding them up to atten- 
tion, of diffusing a knowledge of them through a thousand channels; 
iu a word, of rendering them subservient to the public interests. 

" Doubtless the minister of public instruction was influenced by these 
considerations when, upon the occasion of a new editiou of tlie worksof 
Laplace having become necessary, he demanded of you to substitute the 
great French family for the personal family of the illustrious geometer. 
We give our full and unreservetl adhesion to this proposition. It springs 
from a feeling of patriotism, which will not be gainsaid by any one iu 
this assembly." 

In fact, tbo Chamber of Depnties bad only to examine and solve this 
single question : "Are tbo works of Laplace of such ti'anscendent, sncli 
exceptional merit that their republication ought to form the subject of 
deliberation of the great powers of the state t An opinion prevailed 
that it was not enough merely to appeal to public notorjety, but that it 
was uocessary to give au exact analysis of the brilliant discoveries of 
Laplace in order to exhibit more fully the importance of the resolution 
about to be adopted. Who could hereafter propose on any similar occa- 
sion that the chamber should declare itself without discussion when a 
desire was felt, previous to voting in favor of a resolution so honorable 
to the memory of a great man, to fathom, to measure, to examine mi- 
nutely and from every point of view monuments such as the M^cauique 
Celeste and the Exposition du Syst^mo da Moude t It has appeared to 
uie that the report drawn up in the name of a committee of one of the 
three great powers of the state might worthily close this series of bio- 
graphical notices of eminent astronomers."' 

The Marquis de Jjaplace, peer of France, one of the forty of the Fr«ncli 
Academy, member of the Academy of Sciences and of the Bureau cIl-s 
Longitudes, an associate of all the great academies or scientific societies 

' Tbo auibor bcre lofers to Ibe seriea of biogiaphiN contaioed in tomo III of the Notices 
Biographiqaes. — Tn ak sl atob . 
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of Europe, was born at Bcaamonten-Atige, of parents belonging to tbe 
class of small farmers, on tbe 28tb day of Marcb, 1749. He died on the 
5th of March, 1827. 

The first aod second volumes of tbe M^canique Celeste were pnb- 
tiufaed in 1799; the third volume appeared Id 1S02 ; tho fourth volume 
In 1805. As regards the fifth volume, books XI and XII were pub- 
lished in 1823; books XIII, XIV, and XV in 1824, and book XVI in 
1825. Tbe Th^orie des Probabilit^s was pablished in 1812. We shall 
now present the reader with the history of tbe principal astronomical 
discoveries contained in these immortal works. 

Astronomy is tbe science of which the human mind may most justly 
boast. It owes this indisputable pre-eminence to tbe elevated nature of 
its object, to tbe grandeur of its means of investigation, to the certainty, 
tbe ntility, and the unparalleled magnificence of its results. 

From the earliest i>eriod of the social existence of mankind, the study 
of the movements of the heavenly bodies has attracted tbe attention of 
governments and peoples. To several great captains, illuatrions states- 
men, philosophers, and eminent orators of Greece and Eomo it formed 
a subject of delight. Yet, let ns bo permitted to state, astronomy truly 
^rorthy of the name is quite a modem science. It dates only from the 
sixteenth century. Three great, three brilliant phases have marked its 
progress. In 1543, Copernicus overthrew, with a firm and bold hand, 
the greater part of the antique and venerable scaffolding with which 
the illusions of the senses and tbe pride of successive generations had 
filled the universe. The earth ceased to be the center, tbe pivot of the 
celestial movements. It henceforward modestly ranged itself among 
tbe planets; its material importance, amid the totality of tbe bodies of 
which our solar system is composed, found itself reduced almost to that 
of a grain of sand. 

Twenty-eight years had elapsed from tbe day when the Canon of 
Tborti expired, while holding in his faltering hands the first copy of the 
work which was to diffuse so bright and pure a flood of glory upon 
Poland, when Wiirteinberg witnessed the birth of a man who was des- 
tined to achieve a revolution in science not less fertile in consequences, 
and still more di£Bcnlt of execution. This man was Kepler. Endowed 
with two qualities which seemed incompatible with each other, a vol- 
cinic imagination and a pertinacity of intellect which tbe most tedious 
numerical calculations could not dannt, Kepler conjectured that the 
movements of the celestial bodies must be connected together by simple 
laws, or, to nse bis own expression, by harmonic laws. These laws he 
undertook to discover. A thousand fruitless attempts, errors of calcu- 
lation insepanible from a colossal undertaking, did not prevent him a 
single instant from advancing resolutely toward the goal of which he 
imagined he had obtained a glimpse. Twenty-two years were employed 
by him in this investigation, and still he was not weary of it! What, 
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in reality, are tweuty-two years of labor to bim who is about to become 
the legiBlator of worlds ; who shall iuscribe bis name ia ineffaceable 
characters apoa tbe frontispiece of au immortal code ; who shall be 
able to exclaim Id dilbyrambic language, and witbont incnrriug the 
reproach of any ooe, "The die is cast; I have written my book; it will 
be read either in the present age or by posterity, it matters not which ; 
it may well await a reader, since God bas waited six thousand years for 
an interpreter of his works!"* To investigate a physical cause capabb 
of making the planets revolve in closed curves ; to place tbe principle 
of the stability of the universe in mechanical forces, and not in solid 
supports, such as the spheres of crystal which our ancestors had dreamed 
of; to extend to the revolutions of tbe heavenly bodies tbe general 
principles of tbe mechanics of terrestrial bodies, such were the ques- 
tions which remained to be solved after Kepler had aunounced his dis- 
coveries to the world. 

Very distinct traces of these great problems are perceived here and 
there among tbe ancients as well as tbe modems, trom Lucretius and 
Fluttirch down to Kepler, Bouillaud, and Borelli. It is to Newton, 
however, that we must award the merit of their solution. This great 
man, like several of his predecessors, conceived tbe celestial bodies to 
have a tendency to approach toward each other in virtue of an attract- 
ive force, deduced tbe mathematical characteristics of this force from 
tbe laws of Kepler, extended it to all the material molecnles of tbe solar 
system, and developed his brilliant discovery in a work which, even in 
the present day, is regarded as the most eminent production of tbe 
human intellect. 

The heart aches when, studying the history of tbe sciences, we per- 
ceive so magnificent an intellectual movement effected without the 
co-operation of Prance. Practical astronomy increased our inferiority 
Tbe means of investigation were at first inconsiderately intrusted to 
foreigners, to the prejudice of Frenchmen abounding in intelligence and 
zeal. Subsequently intellects of a superior order struggled with courage, 
but in vain, against the unskillfulness of our artists. During this period 
Bradley, more fortunate, on the other side of the Channel, immortalized 
himself by the discovery of al>erration and nutation. 

The contribution of France to these admirable revolutions in astro- 
nomical science consisted, in 1740, of the esperimeutal determination of 

• These celebrated Uwi, known in astronomy m the Iswi of Kepter, ara three in number. 
The first law u, that tbe planeta describe ellipses around tbe ana in their common focos; 
the second, that a Ildb joining tbe planet and the tun sweeps over equal areas in cqunl limes; 
the thirJ, that the squares of tbe periodic times of tbe planeta are proportional to the cubes 
of their mean distances from tbe sun. Tbe fir«t Ino laws were discovered by Kepler in the 
coarse of a laborions eiamlnatlon of the Iheorf of ibe planet Mara ; a full account of this 
Inquiry is cont^ned in his famous work £>e Stella Mttrtis, pnblished in 1609. The discovery 
of the third law was not effected aniil several years ufkern-ard. Kepler announced it to tbe 
world in bis tresliso on Harmonics, (iC2tJ,l The paBsage quoted below Is extracted &om 
that H-ork.— TBAK9I.ATOR. 
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the spberoidal figore of the earth, and of the discovery of the Tariatioo 
of gravity npon the Barface of onr plaoet. These were two great results ; 
onr coantry, however, had a right to demand more : wheu France is not 
in the first rank she has lost her place.* 

This rank, vhich was lost for a moment, was brilliantly regained, an 
achievement for which we are indebted to four geometers. When 
S^ewton, giving to his discoveries a generality which the laws of Kepler 
did not imply, imagined that the different planets were not only at- 
tracted by the sua, but that they also attract each other, he intro<luced 
into the heavens a cause of universal disturbance. Astronomers could 
then see at the first glance that iu no part of the universe, whether near 
or distant, wonld the Keplerian laws snfflce for the exact representation 
of the phenomena ; that the simple, regular movements with which the 
imaginations of the ancients were pleased to endue the hea^'euly bodies 
would experience numerous, considerable, perpetually changing pertur- 
bations. 

To discover several of these perturbations, to assign their nature, and 
)Q a few rare cases their numerical values, such was the object which 
S'ewton projKised to himself in writing the Frincipia Matbematica Pbi- 
losopbise Naturalis. 
Kot withstanding the incomparable sagacity of its author, the Frin- 
. cipia contained merely a rough outline of the planetary perturbations. 
If this sublime sketch did not become a complete portrait, we must not 
attribute the circumstance to any want of ardor or perseverance ; the 
efforts of the great philosopher were always superhuman ; the questions 
which he did not solve were incapable of solution in his time. When 
the mathematicians of the Continent entered upon the same career, 
when they wished to establish the iNewtonian system niKin an incon- 
trovertible basis, and to improve the tables of astrouomy, they actually 
foand iu their way difflcalties which the genius of Newton had failed to 
sormonnt. 

Five geometers, Clairaut, Euler, D'Alembert, Lagrange, and Ijaplace, 
shareil between them the world of which Newton had disclosed the 
existence. They explored it in all directions, penetrated into regions 
which had been supposed inaccessible, pointed out there a multitude of 
* Tbe Bpheroidnl ligura of ihe esitb was osUblished bj Ihe compaiisoQ of an arc of the 
meridian thsl hod been measarcd, iu FraDM, wiih aBimilar arc meagared in Laptuin), IVom 
wbicfa it appeared that the length of a degne of Ihe meridisD iucreanv frooi tbe equator 
lowtrd the poles, conroroiablj to wbat ought to reaalt upon the supposition of the earth 
having the figure of an oblate spbecoid. Tbe length of the Lapland arc waa determined 
by means of an cipedition which tbe French goTemment had dispatched to the north of 
Europe for that purpose. A similar eipedilioD bad been dispatched from France about the 
tame time to Peru, In South America, for tbe purpoae oF measuring an arc of the meridian 
under the equator, but tbe reiults had not beeu ascertained at the time to which the author 
alludes in tbe text. Tbe Tuiaiion of gravity at the surface of the earth was eslablishod by 
Eicber's experiments with the pendulum at Cayenne, In South America, (1673~'T4,) from 
which H appeared that the peudolum oscillates more slowly, and consequently tbe force of 
grarily is lew intense, under the equator than iu tbe latitude of PatU. — Thakblatok. 
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pheoomena which observation had Dot yet detected — fioally — and it is 
thia which constitutes their itnperiBhable glory — they reduced ander 
the domain of a single principle, a single law, everything that was most 
refined and mysterious in the celestial moTemeDts. Geometry had thus 
the boldness to dispose of the futnre. The evolutions of ages are 
scrupnlously ratifying the decisions of science. 

We shall not occupy our attentioa with the magnificent labors of 
Baler. We shall, on the contrary, present the reader Trith a rapid 
analysis of the discoveries of his four rivals, our countrymen.* If a 
celestial body — the moon, for example — gravitated solely toward the 
center of the earth, it would describe a mathematical ellipse. It woald 
strictly obey the laws of Kepler, or, which is the same thiug, the 
principles of mechanics expounded by Newton in the first sections of 
his immortal work. 

Let us now consider the action of a second force. Let us take into 
account the attraction which the sun exercises upon the moon. In other 
words, instead of two bodies, let us suppose three to operate on each 
other. The Keplerian ellipse will now furnish merely a rough indication 
of the motion of our satellite. In some parts the attraction of the son 
will tend to enlarge the orbit, and will in reality do so. In other parts, 
the effect will be the reverse of this. In a word, by the introduction of 
a third attractive body, the greatest complication will succeed to a simple, 
regular movement upon which the mind reposed with complacency. 

If Kewton gave a complete solution of the question of the celestial 
movements in the case wherein two bodies attract each other, he did 
not even attempt an analytical investigation of the infinitely more 
difBcuIt problem of three bodies. The problem of three bodies, (this is 
the name by which it has become celebrated,) the problem for deter- 
mining the movement of a body subjected to the attractive infiuence of 
two other bodies, was solved lor the first time by onr countryman 
Clairaut-t From this solution we may date the important improve- 
ments of the lunar tables effected in the last century. 

The most beautiful astronomical discovery of antiquity is that of the 
precession ofi the equinoxes. Hipparchus, to whom the honor of it is 
due, gave a complete and precise statement of all the consequences 

* It may, perhaps, be ulced wbj we place Lagraogo amoDg; Ihe French geomelere. This 
U onr reply : It appears to as that the individual irlio iraa named Lagrange Tonrnier— two 
of the meet charactcrisUc Fmnoh Qamea which it is possible to imagine — whose maternal grand- 
father was M. Oros, whose paternal great grandfather wasa French ofGcor, a native of Paris, 
who never wrote except in French, and who was invested in onr connlry with hif;h honors 
during a period of neatlj thirty years, ongbl to be regarded as aFrencbman, Blihougbbara at 
Tnrin. — Author. 

tTbe problem of three bodies was solved Independently about the same time by Euler, 
D'Alemberl, and Clairaol. The two last-mentioned geometers commnnicated their solutions 
to the Academy of Sciences on the same day — November 15, 1747. Euler had already, in 
1746, publiflhed tables of the moon, founded on bis solution of Ibe same problem, the details 
of which b sabsequontly published, in 1753— TRANSLATOR. 
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which flow from this moTement. Two of these have more especially 
attracted atteutioD. 

B; reason of the precession of the eqainoses, it is not always the same 
groups of stars, the same constellatious, which are perceived in the 
heavens at the same season of the year. In the lapse of ages tlie cod- 
stellatlons of winter will become those of saminer, and reciprocally. 

By reason of the precession of the eqntnoxes, the pole does not always 
occupy the same place in the starry vault. The moderately bright star 
which is very justly named in the present day the pole star, was far 
removed from the jiole in the time of Bipparchus ; in the course of a 
few centuries it will again appear removed from it. The designation 
of pole-star has been and wilt be applied to stars very distant from 
each other. 

When the inquirer, in attempting to esplnia natural phenomena, has 
the misfortune to enter upon a wrong path, each precise observation 
throws him into new complications. Scveu spheres of crystal did not 
suffice for representing the phenomena as soon as the illustrious astron- 
omer of Bhodes discovered precession. An eighth sphere was then 
wanted to account for a movement in which all the stars participated 
at the same time. 

Coperuicas having deprived the earth of its alleged immobility, gave 
a very simple explanation of the most minnte circnmstances of preces- 
sion. He supposed tbat the axis of rotation does not remain exactly 
parallel to itself; that in the course of each complete revolution of the 
earth around the sun the axis deviates from its position by a small 
quantity ; in a word, instead of supposing the circumpolar stars to ad- 
vance in acertiiiu way toward the pole, he makes the pole advance 
toward the stars. This hypothesis divested the mechahism of the 
universe of the greatest complication which the love of theorizing had 
introdaced into it. A new Alpbonse would have then wanted a pre- 
text to address to his astronomical synod the profound remark, so 
erroneously interpreted, which history ascribes to the King of Castile. 

If the conception of Copernicus improved by Kepler had, as we have 
just seen, introduced a striking improvement into the mechanism of the 
heavens, it still remained to discover the motive force which, by alter- 
iug the position of the terrestrial axis during each successive year, 
would cause it to describe an entire circle, of nearly uO<^ iu diameter, iu 
a period of about 20,000 years. 

Newton conjectured tbat this force arose from the action of the sun 
and moon upon the redundant matter accumulated in tbo equatorial 
regions of the earth ; thus he made the precession of the equinoxes 
de|)eDd upon the spheroidal figure of the earth ; he declared that npou 
a round planet no precession would exist. 

All this was quite true, but Newton did not succeed in establishing it 
by a mathematical process. Now this great man had introduced into 
philosophy the severe and just rule : Consider as certain only what has 
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been demonstrated. The demonstration of the N'ewtoDian conception 
of the precession of the equinoxes was, then, a great discovery, and it 
is to jyAlembert that the glory of it is dua' The illttstrious geometer 
guve a complete oxpLtnation of the general movement in virtne of 
which the terrestrial axis returns to the same stars in a period of about 
20,000 years. He also connected with the theory of gravitation the 
perturbation of precession discovered by Bradley, that remarkable 
oscillation which the earth's axis experiences continually during its 
movement of progression, and the period of which, amounting to about 
eighteen years, is exactly equal to the time which the intersection of the 
moon's orbit with the ecliptic employs lu describing the 360° of the 
entire circumfereQce. 

Geometers and astronomers are justly occupied as much with the 
figure and physical constitution which the earth might have had in 
remote ages as with its present figure and constitution. 

As soon as our countryman Bicher discovered that a body, whatever 
be its nature, weighs less when it is transported nearer the equatorial 
regions, everybody perceived that the earth, if it was originally fluid, 
ought to bulge out at the equator. Huyghens and Newton did more ; 
they calculated the difference between the greatest and least axes, the 
excess of the equatorial diameter over the liue of the poles.f 

The calculation of Huyghens was founded upon hypothetic properties 
of the attractive force which were wholly inadmissible ; that of Newton 
upon a theorem which he ought to have demonstrated. The theory of 

' It mast be admitled that M. Ara}^ has beie loiperrectl; repreBeoted Hewton'a labors 
on tbe ([Teat problem of the preceagioii of the equiDoies. The immortal anthor of the 
PriDuipia did not merelf cODJecture that the couical motioa of the earth's axis is due to tbe 
distnrbmg action of the aiiD and moon apoD Iha matter occamnlated aroDnd the earth's 
equator; he demonatrated by a very beautiful and Batisfsctorj process that the movemeut 
must necessarily arise from that cause ; and althongh the meatis of inTestigation, in bis 
time, were inadequate to a rigorous computation of tbe quantitative efTeut, still hia rosearcbos 
on tbe subject have been always re^rded as affording ono of tbe mast slriking proofs of 
aagacity which is to be found in all big works. — Trakslatok. 

i 11 would appear that Hooke bad conjectured thai the figure ol tbe earth might be spher- 
oidal before Newton or Huyghens turned (heir attention to the subject. Atameetinguf tbe 
Royal Society on the 2dth of Febroary, IGTS, a discussion arose respecting the figure of Mer- 
cury, which M. Gallet, of Avignon, bad remarked to be oval on the occasioD of the planet's 
transit across the sun's disk on the 7th of November, I67T. Hooke was inclined to suppose 
that the phenouieuon was roal, and that it ivas doe to the whirling of the planet on an axis 
" which mode it somewhat of the shape of a turnip, or of a solid made by an ellipsis turned 
round upon its shorter diameter." At the meeting of tbe society on the Tth of March, tbe 
subject was again discQSsed. In reply lo the objection offered to bis bypotbeais on the ground 
of tbe planet being a solid body, Hooko remarked that "although it nii|;hlnow be solid, yet 
that at tbe beginning it might have been fluid enough to receive ihat shape ; and th.it al- 
thongh this supposition should not be granted, it would bo probable enough that it would 
really run Into that shape and make the same appearance ; and that It is not improbable but 
that the water here upon the oarlh might do it in some measure by tbe influence of the diur- 
nal motion, which, compoanded with that of the moou, he conceived to be the causa of tbe 
tides." (Journal Book of the Huyal Society, vol. vi, p. GO.) Richer retnmed from Cayenne 
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the latter waa characterized by a defect of a still more serions uulnre } it 
snpposed the deosity of the earth, duriug tbe original state of fluidity, 
to be bomogeDeous.* 

WheD ill attempting tbe sohitioa of great problems we bare recourse 
to such simplifications; when in order to elude difBcnltiesof calculation 
we depart so widely from natural and physical conditions, the results 
relate to au ideal world, they are in reality nothing more tban flights of 
the iuinginatioD. In order to apply mathematical analysis usefully to 
the determination of tbe figure of the earth, it was necessary to aban- 
don all idea of homogeneity, all constrained resemblance between tbe 
forms of the superposed nnd unequally dense strata; it was necessary 
also to examine the case of a central solid nucleus. This generality in- 
creased tenfold the difficulties of the problem; neither Glairaut nor 
D'Alembert was, however, arrested by them. Thanks to the efforts of 
these two emineut geometers, thanks to some essential developments 
due to their immediate successors, and especially to the illustrious Lo- 
gendre, the theoretical determination of the figure of tbe earth has 
attained all desirable perfection. There now reigns tbe most satisfac- 
tory accordance between the results of calcalation and those of direct 
measurement. The earth, then, was originally fluid } analysis baa* 
enabled us to ascend to the earliest ages of our plauet.t 

In tbe time of Alexander, comets were supposed by the majority of 
the Greek pbilosopbcrs to be merely meteors generated in onr atmos- 
phere. During the Middle Ages, persons, witboutgivingtbemselvesmuch 
concern about tbe nature of those bodies, supposed them to prognosti- 

ia ihe jear 1674, bat Ihe ucconot of hU obMrvatlons with tbe pendulaDidurioKhi)! residence 
■here ivaa not published until 1679, uor ia there to be faand any allnaioii to tbem durioj; tbe 
iuterniediale juterval, either iu tbe volumes of tha Academy of Sciences or any other pub- 
licaliDD. We have no meaiu of aacertu'Ding bow Newton waa first induced to suppose that 
the figure of the earth ii spheroidal, hut vra know, apoa bis own authority, that lu oarly aa 
tbe jear 1667 or 1668, be was led to caneider the effects of the centrifugal force in diminisb- 
ing the weight of bodies at the eqiutor. With respect to Huygbent, be appeals to have 
funned a conjecture respecting the spbetoidal figure of tbe earth indepeudeutly of Newton ; 
bat his method for computing the ellipticity is founded upon that given in the Frincipia. — 
Translator. 

* Newton asinined that a homogeueons fluid mass of a spheroidal form would be in 
eqaillbrium if it wero endued with an adequate rotatory molioD and its constituent par- 
ticles atlracted each other in the inverse proporlioD of the square of tbedislance. Uaclaurin 
first demonstrated tbe truth of this theoreni by a rigorous application of tbe ancient geome- 
try. —Than 8 l ator . 

t Tho results of Clairaut's researches on the figure of tbe earth are mainly embodied in a 
remarkable theorem discovered by that geometer, and which may be enunciated thtts : The 
sum of the fractions expressing the ollipticity and the increase of gravity at the pole ia 
equal to two and a half times the fraction expressing the centrifugal force at tbe equator, 
the uuti of force being repiusented by the force of gravity at tho equator. This theorem is 
independent of any hjpoibesis with respect to tha law of the densities of tho successive 
strata of the earth. Now the increase of gravity at rbe pole ma; bo oscertaioed by means 
of observations with the pendulum iu different latitudes. Hence it is plain that Clairaut's 
theorem furnishes a practical method for determining the value of the eartb's ollipticily.— 
iRANiiLATOR. 
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cato sioister events. Begiomontanus and I^clio Brali(^ pioved by their 
observations that they are situate bcyood tbe moon ; Hevelius, Durfel, 
&c., made them revolve around tbe sua ; Newton established that they 
move nnder the immediate iufluence of the attractive force oftbat body j 
that they do not describe right lines; that, in fact, they obey the laws of 
Kepler. It was Decessary, then, to prove that the orbits of comets are 
corves which return into themselves, or that tbe same comet has been 
Been on several distinct occasions. This discovery was reserved for 
Halley ; by a minate investigation of the circuinstanceB coDuected with 
the apparitions of all tbe comets to be met with in tbe records of history, 
in ancient chronicles, and in astronomical anoals, this eminent philoso- 
pher was enabled to prove that the comets of 1682, of 1607, and of 1531 
were in reality ao many successive apparitions of one and the same body. 

This identity involved a conclusion before which more than one as- 
tronomer shrank. It was necessary to admit that the time of a complete 
revolution of the comet was subject to a great variation, amounting to 
aa much as two years in seventy-six. 

Were such great discordances due to tbe disturbingaction of the plan- 
ej:st 

The answer to this question would introduce comets into tbe category 
of ordinary planets, or would esclnde them forever. Tbe catculatiou 
wasdifflcnlt; Clairautdiscovered thcmeansofeBectingit. Whilesnccess 
was still uncertain, the illustrious geometer gave proof of the greatest 
boldness, for, in tbe course of the year 1758, he undertook to detcrtuiuo 
the time of the following year when tbe comet of 1682 would re-ap|)ear. 
He designated the constellations, nay, the stars, which it would encoun- 
ter in its progress. 

This was not one of those remote predictions which astrologers and 
others formerly combined very skillfully with the tables of morttility, so 
that they might not be falsified during their life-time: tbo event was 
close nt hand. The question at issue was nothing less than tbe creation 
of a new era in cometary astronomy, or the casting of a reproach upon 
science, the consequences of which it would long continue to feel. 

Clairaut found by a long process of calculation, conducted with great 
skill, that the action of Jupiter and Saturn ought to have retarded the 
movement of tbe comet ; that the time of revolntion, compared with that 
immediately preceding, would be increased 518 days by the disturbing 
action of Jupiter, and 100 days by the action of Saturn, forming a total 
of 618 days, or more than a year and eight months. 

Never did aquestion of astronomy excite a more iuteuae, a more legit- 
imate curiosity. All classes of society awaited with equal interest tbe 
annonnced apparition. A Saxon peasant, PalitzcU, first perceived the 
comet. Henceforward, from one extremity of Europe to tbe other, a 
thousand telescopes traced each night tbe path of the body through tbe 
constellations. The route was always, within the limits of precision of 
the calculations, that which Clairaut bad indicated beforebaud. The 
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prediction of the illaBtriona geometer was verified, in regard botb to time 
and space. Astrouomy had jnst achieved a great and important trinmph, 
and, as usaal, had destroyed at one blow a disgraceful and inveterate pre- 
judice. As soon as it was established that the returns of comets might 
be ealcalated beforehand, those bodies lost forever their ancient prestige. 
The most timid minds tronbled themselves qnite as little alwnt them as 
about eclipses of the sun and moon, which are equally subject to calca- 
lattoD. In fine, the labors of Clairaut had produced a deeper impres- 
sion on the public mind than the learned, ingenious, and acnte reasoDing 
of Bayle. The heavens offer to reflecting minds nothing more curious 
or more strange than the equality which subsists between the movements 
of rotation and revolution of our satellite. By reason of this perfect 
equality the moon always presents the same side to the earth. The hem- 
isphere which we see in the present day is precisely that which our an- 
cestors saw in the most remote ages ; it is exactly the hemisphere which 
future generations will perceive. 

The doctrine of final causes which certain philosophers have so abun- 
dautly made use of in endeavoring to account for a great Dumt>er of 
natnral phenomena was in this particniar case totally inapplicable. la 
fact, how coald it be pretended that mankind could have any interest in 
perceiving incessantly tbe same hemisphere of the moon, in never ob- 
taining a glimpse of the opposite hemispherot On the other hand, the 
existence Of a perfect, mathematiciil equality between elements having 
no necessary connection — such as the movements of translation and ro- 
tation of a given celestial body — was not less repugnant to all ideas of 
probability. There were, besides, two other numerical coincidences qnite 
as extraordinary : an identity of direction, relative to the stars, of tho 
equator and orbit of the moon ; exactly the same precessional movements 
of these two planes. This group of singular phenomena, discovered by 
3. D. Cassini, constituted the mathematical code of what is called tbe 
libration of tho moon. The libration of the moon formed a very imper- 
fect part of physical astronomy when Lagrange made it depend on a cir- 
cumstance connected with the figure of onr satellite which was not 
observable from the earth, and thereby connected it completely with the 
priuciples of universal gravitation. 

At tbe time when the moon was converted into a solid body, the ac- 
tion of the earth compelled it to assume a loss regular figure than if no 
attracting body had been situated in its vicinity. Tho action of our 
globe rendered elliptical an equator which otherwise would have been 
circular. This disturbing action did not prevent the lunar equator from 
bulging out in every direction, but the prominence of the equatorial 
diameter directed toward the earth became four times greater than that 
of the diameter which we see perpendicularly. 

The moon would appear then, to an observer situate in space and ex> 
araioing it transversely, to be elongated toward tbe earth, to be a sort of 
pendulum without a point of suspension. When a pendulum deviates 
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from tUe vertical, the action of gravity brings it back ; when the princi- 
pal axis of the moon recedes from its usual direction, the earth in 
like mauDcr compels it to return. 

We have here, then, a complete explanation of a singular plienome- 
nou, without the necessity of having recourse to the existence of an al- 
most miraculous equality between two raovemeuts of trauslatiou and 
rotation, entirely iudependeut of each other. Mankind will never see 
but one face of the moon. Observation bad informed ua of this fact; 
now we know further that this is dne to aphysical cause which may be 
calculated, and which is visible only to the mind's eye ; that it is attrib- 
ntable to the elongation which the diameter of the moou experienced 
when it passed from the liquid to the solid state under the attractive 
infiuence of the earth. 

If there had existed originally a slight difference between the move- 
ments of rotation and revolution of the moon, the attraction of the earth 
would have reduced these movements to a rigorous equality. This at- 
traction would have even safiiced to cause thedisappearanceof a slight 
want of coincidence in the iutersectioua of the equator and orbit of the 
moou with the plane of the ecliptic. 

The memoir in which Lagrange has so successfully connected the laws 
of libration with the principles of gravitation, is no less remarkable for 
intrinsic excellence than style of execution. After having perused this 
production, the reader will have do difficulty in admitting that the word 
*' elegance" may be appropriately applied to mathematical researches. 

In this analysis we have merely glanced at the astronomical discov- 
eries of Olairaut, I)'AIeml>ert, and Lagrauge. We aboil be somewhat 
less concise in noticing the labors of Laplace. 

After having enumerated the various forces which must result from 
the mutual action of the plauets and satellites of our system, even the 
great Newton did not venture to investigate the general nature of the 
effects produced by them. In the midst of the labyrinth formed by in- 
creases and diminutions of velocity, variations in the forms of the 
orbits, changes of distances and inclinations, which these forces must 
evidently produce, the most learned geometer would fail to discover » 
trustworthy guide. This extreme complication gave birth to a dis- 
couraging reflection. Forces so numerous, so variable in position, so 
different in intensity, seemed to be incapable of maintaining a condition 
of equilibrium except by a sort of miracle. Newton even went so far as 
to suppose that the planetary system did not contain within itself the 
elements of indefinite stability ; he was of opinion that a powerful hand 
must intervene from time to time to repair the derangements occasioned 
by the mutual action of the various bodies. Euler, although farther 
advanced than Newton iu a knowledge of the planetary perturbations, 
refused also to admit that the solar system was constituted so as to 
endure forever. Never did a greater philosophical question oflfer itself 
to the inquiries of mankind. Laplace attacked it with boldness, perse- 
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Tcrance, and Baecess. The profound and loiig-continaed reseiirclies of 
the illastrions geometer established with complete evidence that the 
planetary ellipses are perpetnally variable ; that the extremities of their 
major axes make the tonr of the heavens; that, independently of an 
oscillatory motion, the planes of their orbits experience a displacement 
in virtue of which their intersections wiib the plane of the terrestrial 
orbit are each year directed toward different stars. In the midst of 
tliis apparent chaos there is one element which remains oonstaot, or is 
merely snbject to small periodic changes, namely, the major axis of each 
orbit, and consequently the time of revohition of each planet. This is 
the element which onglit to have chiefly varied according to the learned 
Bpecalations of Kewton and Euler. 

The principle of universal gravitation suffices for preserving the 
stability of the solar system. It maintains the forms and inclinations 
of the orbits in a mean condition which is snbject to slight oscillations ; 
variety does not entail disorder; the universe offers the example of 
harmonious relations, of a state of perfection which Newton himself 
(loobted. This depends on circumstances which calculation disclosed 
to Laplace, and which, upon n superficial view of the subject, would 
not seem to be capable of exercising so great an inflnence. Instead of 
planets revolving all in the same direction, in slightly eccentric orbits, 
and in planes inclined at small angles toward each other, substitnte 
different conditions, and the stability of the universe will again be put 
in jeopardy, and, according to all probability, there will result a fright- 
ful chaos.* 



* The researches on Ihe tecalar Tsri&tiona of the ecceDtriciliHs aai ioclinalioiu of tbe 
planelaif orbite depend upon tbe iDlutiDn of an algebraic Gqaatioii equal in Jcj^rec tu the 
snnibeT of planets whose mutual sclion is considered, and the co-efficients of which involve 
tbe values of the maises of those bodies. It may be shown that if the roots of Ihls equa- 
tion be equal or i[nBKiDHr7, tbe coireaponding element, whether the eccentridij or the in- 
clination, will increase indeGnilel; with tbe titpe in the case of each planet ; but that if the 
roots, on tbe other band, be real and unequal, the valno of Ihe element will oscillate In 
ever^ instance vrilbio fixed limits. Laplace proved bj a general analysis that Ibo roots of 
the equation are real and tmeqaal ; whence it foliovred that neither the eccentricity nor the 
inclination will vaiy In any case to an IndeSnlle extent. But it still remained uncerbdo 
whether tbe limits of oscillation were not in any instance so far apart that the variation of 
tbaclement (whether the eccentricity or the inclination) might lead to a complete deairuc- 
tion of the existing physical condition of the planet. Laplace, Indeed, attempted to prove, 
by means of two well-known theorems relative to the eccentricities and iDcliuations of the . 
planetary orbits, that if thoao elements were once small they would always remain so, pro- 
vided the planets all revolved around the snn in one common direction, and their masses 
were inconsiderable. It is to these theorems that M. Arago manifestly alludes in the text, 
Le Verrier and others have, however, remarked that they are inadequate to assure tbe per- 
manence of the existing physical condition of several of the planets. Id order to arrive at 
a definite conclusion on this subject, it Ss indispensable to have recourse to the actual solu- 
tion of the algebraic question above referred to. This was tho course adopted by the iltns- 
trions Lagrange in his researches on the secular varlalions of the planetary orbits. (Mem. 
Acad. Beriin, I78^'d4.) Having Investigated the valnes of the masses of Ihe ptnnels, ho 
then determined, by an approximate sol nlion, the valnes of tbe several roots of the algebraic 
«quatiun upon which the vuiations of the eceenlricitiea and iucliDationa cf the orbiia de- 
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Although tbe iuvariability of the mean distances of the planetary 
orbits has l>eeii more completely demonstrated since the appearance of 
the memoir above referred to, that is to say^ by pnsbiug the analytical 
approximations to a greater extent, it will, notwithstanding, always 
constitute one of the admirable discoveries of tbe author of tbe Meca- 
nique O^lcstc Dates, in tbe case of such subjects, are no luxury of eru- 
dition. The memoir in which Laplace communicated bis results ou tho 
iuvariability of the mcau motions or mean distances is dated 1773.* It 
was in 17S4 only that be established the stability of tbe other elements 
of the system from the smallnesa of the jilanetary masses, the iocon- 
siderablo eccentricity of tho orbits, and the revolution of tbe plauets 
iu one common direction around the sud. 

Tbe discovery of which I have just gireo an account to the render 
excluded, at least irom the solar system, the idea of tbe Newtonian 
attraction being a cause of disorder ; but might not other forces, by 
combining with attraction, produce gradually-increasing perturbations, 
as Newton and Euler dreaded t Facts of a positive nature Gecmed to 
justify these fears. 

A comparison of ancient with modem observations revealed the ex- 
istence of a continued acceleration of the mean motions of the moon 
aod tbe planet Jupiter, and aa equally striking dtmiuutiou of tiie mean 
motion of Saturn. These variations led to conclusions of the most 
singalai' nature. 

In accordance with tbe presumed cause of these perturbations, to say 
that tbe velocity of a body iucreased from century to century, was equiv- 
alent to asserting that the body continually approached the center of 
motion. On the other hand, when tbe velocity diminished the body 
must be receding from the center. 

Thus, by a strange arrangement of nature, our planetary system 
seemed destiued to lose Saturn, its most mysterious ornament, to see 
the planet, accompanied by its ring and seven satellites, plunge gradually 

pcndcd. In this nay he foDod tbe limitiDj; values of the eccentric it}' and inclination for 
Iho orbil of each of the principal planets of tbe syslem. The results obtained bj that great 
(reoTDClec have been mainly conGrmed by the recent rescaiches of Le Venier on Ibe eame 
eobject. (ConnaisMDce des Temps, 1S43.] — Translator. 

'Laplace vaa oiiginallj led to consider the subject of the perturbatioas of (be mean mo- 
lions of the planets by bis reseaiches on the Ibeorj of Jupiter and Salam. Having com pu led 
the Dumerical value of Ibo secnlar Inequality affecting the meau motion of each of thoso 
plants, Deglccting tbe terms of tbe fourth and higher orders relative to tbe occentricitica and 
inclinalions, be found it to be so small that it might be regarded aa totally iosetjsible. 
Justly suspecting that this circumstance was not attributable to tbe parlicuiat values of the 
elements of Jupiter and Saturn, be investigated the ozpression for the secular perturbation 
of ibe mean motion by a general analysis, neglecting, as before, the fourth and higher 
powers of tbe eccentricities and inclinations, and he found in tbls case that tho terms nliich 
were reluioed in tbe InvostigaUon absolutely destroyed each other, so that Ibo expression 
was reduEcJ to zero. In a memoir wblch he communicated to the Berlin Acailomy of Sci- 
ences, ia ITTG, Larrrange first showed that tbe mean distance (und conseqaently liio mron 
motion) was not affected by any secular inequalities, no matter what were (he eccentricities 
or inclinations of (bo distniblng and disturbed planets. — Translator. 
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into nokaown regions, wbitlier the eye, nrmed with the most powerful 
telescope, lias never penetrated. Jupiter, on the other haud, the planet 
compared with which the earth is so insignificant, appeared to bo inor- 
ing in the opposite direction, so as to be ultimately absorbed in the in- 
candescent matter of the eaa. Finally, the moon seemed as if it would 
one day precipitate itself npou the earth. 

There was nothing doubtful or sjiecalatiro in these sinister fore- 
bodings. The precise dates of the approaching catastrophes were ulono 
OQcertain. It was known, however, that they were very distant. Ac- 
cordingly, neither the learned dissertations of meu of science nor the 
animated descriptions of certain poets produced any impression upon the 
public mind. 

It was not 80 with our Bcicntiflc societies, the members of which re- 
garded with regret the approaching destr uction of our planetary system. 
The Academy of Sciences called the attention of geometers of all coun- 
tries to these menacing perturbations. Enler and Lagrange descended 
into the arena. Never did their mathematical genius shine with a 
brighter luster. Still the qnestiou remained undecided. The inutility of 
snch efforts seemed to suggest only a feeling of resignation on the sub- 
ject, wheu from two disdained corners of the theories of analysis the 
author of the M^canique Celeste caused the laws of these great phenom- 
ena clearly to emerge. The variations of velocity of Jupiter, Satuni, 
and the moon flowed, then, from evident physical causes, and entered 
into the category of ordinary periodic perturbations, depending upon 
the principle of attraction. 

The variations iu the dimensions of the orbits, which were so much 
dreaded, resolved themselves into simple oscillations, included within 
narrow limits. Finally, by the powerful instrumentality of mathemati- 
cal analysis, the physical universe was again established on a firm foun- 
dation. 

Icaunotquit this subject without at least alluding to the circumstances 
in the solar system upon which depend the so long unexplained varia- 
tions of velocity of the moon, Jupiter, and Saturn. 

Xlie motion of the earth amund the sun is mainly effected in an ellipse, 
the form of which is liable to vary from the eflects of planetary pertur- 
bation. These alterations of form are periodic ; sometimes the curve, 
without ceasing to be elliptic, approaches the form of a circle, while at 
other times it deviates more and more from that form. From the epoch 
of the earliest recorded observations, the eccentricity of the terrestrial 
orbit has been diminishing from year to year ; at some future epoch the 
orbit, on the contrary, will begin to deviate from the form of a circle, and 
the eccentricity will increase to the same extent as it previously dimin- 
ished, and according to the same laws. 

Sow Laplace has shown that the mean motion of the moon around 
the earth is connected with the form of the ellipse which the earth de- 
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scribes aronDd bfae aaa ; that n dimiuntion of the eccentricity of the 
ellipse inevitably induces an increase in the velocity of our satellite, and 
vice versa; finally, that this cause suffices to esplain the nnmencal ralne 
of the acceleratioD which the meau motion of the moon has experienced 
from the earliest ages down to the present time.' 

The origin of the inequalities in the mean motions of Jupiter and 
Saturn will be, I hope, as easy to conceive. 

Mathematical analysis has not served to represent in finite terms the 
values of the derangements which each planet e.^perience8 in its move- 
ment from the action of all the other planets. In the present state of 
science, this value is exhibited in the form of an indefinite series of terms 
diminishing rapidly in magnitude. In calculation it is usual to neglect 
sucfa of those terms as correspond in the order of magnitude to quantities 
beneath the errors of ol>8ervation. But there are cases in which the 
order of the term in the series does not decide whether it be small or 
great. Certain numerical relations between the primitive elements of 
the disturbing and disturbed planets may impart sensible values to terms 
which usually admit of being neglected. This case occurs in the per- 
turbations of Saturn produced by Jupiter, and in those of Jupiter pro- 
duced by Saturn. There exists between the mean motions of these two 
great planets a simple relation of commensurabilitj, five times the mean 
motion of Saturn being, in fact, very nearly equal to twice the mean 
motion of Jupiter. It happens ia consequence that certain terms, which 
wonid otherwise be very small, acquire from this circumstance consider- 
able values. Hence arise, in the movements of these two planets, ine- 
qualities of long duration, which require more than 000 years for their 
complete development, and which represent with marvelous accuracy all 
the irregularities disclosed by observation. Is it not astonishing to find 
in the commensnrability of the meau motions of two planets a cause of 
perturbation of so iafiuential a nature; to discover that the definitive 
solution of an immense difficulty, which baffled the genius of Euler, and 
which even led persons to doubt whether the theory of gravitation was 
capable of accounting for all the phenomena of the heavens, should de- 
pend upon the fortuitous circumstance of five times the meau motion of 
Saturn being equal to twice the mean motion of Jupiter 1 The beauty 

* Mr. AdamB has Tecentlf detected a remarkable oversight committed by Laplace ftnd h'a 
anccesaois in the analytical mrestigatioii of the ozpreBsioD for this iDeqnality. The effect of 
the Tectificattoa rendered neceuarj by the researdieB o[ Mr, Adams will be to diminish by 
about one-sixth the co-efficient of (he principal term of the secular inequality. Tliis co-effi- 
cient has for its mnltiplier the square of tho nnmber of cenEnrles whicb bare elapsed from a 
given epoch ; its valae was found by Laplace to be 10". IS. Mr. Adams baa ascertained 
tbat it must lie diminished hy 1".66. This result has recently been verified by the researches 
of M. Plana. Its effect will be to alter in some degree the calcnlations of ancient eclipees. 
The astronomer royal baa staled, in bis lost anniuil report to the board of visitors of the 
Boyal Observatory, (Jane, 185G,) that steps have recently been taken at the observatory for 
calcDloting the various ciicnmstances of those phenomena, upon the basis of the more correct 
data famished by the researches of Mr. Adams. — Translator. 
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of the coDceptioD and the ultimate resalt are liere eqaally woiihy of 
admiration. * 

* The oriitia al this fatnoos ineqaality may be b«»t undergtood by reference to the mode 
in wbich the dislnrbing Ibrces operate. Let P Q B. F' Q' B' repreient tbe orbits of Japiler 
and Saturn and let ua suppote. for tbeeakeof illDs- ^ 

tration, that tbey are both iitttate in tbe mme plane. 
Let tbe planeta be iD conjunction at P, P', and let 
them both be revolving around the aun S. in the 
direction lepiesented by the airovrs. A^samlngthat 
tbe meaa motion of Japiter ia to that of Batnm pi- 
Bcl)y ID the proportion of five to two, it follow* that I'l 
when Jnpiter baa completed one revolution, Sataru 
■ill have advanced throogb tiro-finhs of a revoln- 
tion. Similarly, when Jnpiter hoa completed a revo- 
lution and a half, Saturn will bavo effected Ibiee- 
fifUia of a revolution. Hence, when Jupilor arrivea 
atT.Satuni will be » little in advance of 1". Let 
as aoppose that tbe two planeti come agnln into con- 
JDnctloQ at (j, Q'. It ia plain that while Jupiter baa completed one revolution, and advanced 
Ibrongb tbe angle PS Q, (meaauredin tbe direction of tbe arrow,) Salnnihaaalmply described 
around 6 tbe angle P* S' Q'. Hence tbe excesa of the aogle deacrlbed around S. by Jupiteri 
ovBi the aa|;Ie similarly described by Saturn, will amount to one complete revolution, or 
360°. But since the mean motions of ttie two planets are in the proportion of five (o two. 
the aaglea described by them around S in any given time will be in tbe same proportion, acd 
therefore the eiceaa of the angle described by Jupiter over that described by Saturn will be 
to the an^le described by Satnm in tbe proportion of three to two. But we have joat found 
that the excess of these two angles itj the present caie smounia to 360°, and the angle de- 
scribed by Satnm ia repreaeoled by P S' Q' : consequently 360° is to tho angle P' S' Q' ia 
the proportion of three to two : in other words, P' S' Q' is equal to two-lbirds of the circam 
fereoce, or 24(1°. lu the same way it may be ahown that the two planeta will come into con' 
JnncliOD again at B, wheu Saturn has described another arcof 24U°. Finally, wh«i Saturn 
has advanced through a third arcof S40°,the two planeta will come into conjunction at P, P*, 
tbe points whence they originally set out ; anifthe two succeeding conjnnctions will also ntani- 
feslly occur at Q.V and B, B'. Thns wo see that tbe conjunctions will always occur in three 
given points of tbe orbit of each planet situate at angular diatances of 130° from each otber. 
It is also obvious that, during tbe interval which elapses between tbe occurrence of two con- 
jonctions in tbe same points of the orbits, and which includes three synodic revolutions of tbe 
planets, Jupiter will have accompllabod five revolutions around the sun, and Satom will have 
accomplished two revolutions. Now, if the orbits of both planets were perfectly circular, the 
retarding and accelerating effects of tbe disturbing force of either planet woald neutralize each 
other in thecourae of a synodic revolution, and tlierofare both planets would ratnm to (he tame 
condition at each successive conjunction. But inconsequence of the ellipticity (^ tbe orbits, the 
retarding effect of the disturbing force is manifestly no longer exactlf compeusalod by tbe 
■cceleralive effect, and hence, at the close of each synodic revoltLtion, there remains a min- 
nle outstanding alteration in tbe movement of each planet. A similar effect will be pro- 
duced at each of the three points of conjunction, and as tbe perturbations which thus ensue 
do not generally compensate each other, there will teroain a minute outstanding penarbaiion 
■B the result of every three conjunctiona. Tbe effect produced being of tbo same kind (whether 
tending to accelerate or retard the movement of tbe planet) for every snch triple conjunction, it 
is plain tbai the action of the disturbing forces would ultimately leadloaserioasderanfremcnt 
of the movements of bolb planets. All this is founded on the auppoailion that the mean 
motions of the two planets are to each other as two to five, bnt in reality Ibis relation does 
not exactly bold. In fact while JupiterreqniresSI.CAJ days toaccomplishfive revolutions, 
Satnm effects two revolutions in 21,518 days. Hence nbeo Jupiter after completing hi* 
fifth revolution arrivea at P, Saturn t^ill have advanced a little beyond P', and tbe con- 
10 s 
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We bave just explained bov Laplace demonstrated that tbe solar sys- 
tem cim experieoce ODiy small periodic osvilliitions around a certato 
nieaD state. Let as now see iu wbat way be succeeded iu deteTiuiuiDii; 
the absolute dimensious of the orbits. 

Wbat is tbe distance of tbe bud from the earth t No scientific qaes- 
tioH bos occupied, iu a greater degree, tbe attention of mankind ; mathe- 
matically speaking, nothing is more simple. It sutUces, as in commoa 
operations of surveying, to draw visual lines from the two extremities of 
a known bai^e to an inaccessible object. Tbe remainder is a process of 
elementary calculation. Unfortunately, in tbe case of tbe sun, tbedis- 
tance is great, and tbe bases wbich can be measnre«l nimu tbe earth are 
comparatively very small. In socb a case the sliglitest errors in the di- 
rection of tbe visual Hues exercise aa enormous influence upon t^e 
results. 

Iu tbe beginning of the last century, Halley remarked that certaio ia- 
terpositious of Veuus between the earth and tbe snn, or, to use au ex- 
pression applied to snch conjunctions, that the transits of the planet 
across the sun's disk, would furnish at each observatory an indirect 
menus of flsing the position of the visual ray very superior in accural^ 
to tbe most perfect direct metbods." 

Such was the object of the scientific expeditious undertaken in 1761 

JuDction of the two planeu will occnr at P, P' when they baTe both deacribed ftroiiDd B Ul 
addiiionul arc of ftbont8°. Id tbesame wbj it may be shown that the two ■neceediag coo- 
jniictioDB will take place at tba poioll f , ^ r, r" Teapectively 6P in advoiica of Q, Q', B, K'. 
Thiu we aee that tbe points of c«i)jaoctioD will travel with extreme slowDess in tbe aaiDe 
direction as that in wbich the planets revolve. Now, since tbe an^lar distance between P 
and R It 130^, and unce in a period of Ibree synodic reToloUona, or 31,758 days, the line 
of ooDJQDction travel* throafch an arc of 8°, It follows tbu lo B9S yeers tbe ebujnnction of 
the two planets will bave adTaneed from P, P* to R, B'. In reality the time of travelinf 
from P, P' to R, S' is somenbat lunger from the indirect effects of planetary perturbation, 
Bmonntiog to 930 years. In an eqnal period of time, the conjnnction of tbe two plaoel* 
will advance from Q, Q' U> R, R' and from R, R' to P. P'. Daring the half of this pwjod 
the pertnrbative effect resnlling^ from every triple coqJDQclion will lie constantly in one di- 
rection, Bitd during the other half it will lie in the contrary dinctiua; that is ba tmj, 
during; a period of 460 years, tbe mean motion of (ha disturbed planet will be coo- 
linnaliy accelerated, and, in like manner, dniing an equal period it will be continiiallf 
retarded. In the case of Jupiter disturbed by Satuni, the inequality in longitude 
amoDnts at its maximnm to 21' ; in the converse case of Saturn disturbed bj Jupiter, tbe 
inequality is mora ccnsiderable in consequence of the greater mass of tba distarbing planet, 
amounting at its maximum to 49*. In accordance witb the mecbanicol principle of tha 
equality of action and reaction. It happens that wblle tbe mean motion of one planet is in- 
creasing, that of tbe other is diminiabing, and vke mtm. We have suppoeed that the or- 
bits of both planets are situate in the same plane. In reality, however, they are inclined 
to eocb other, and this circumstance will produce an effect exactly analogous to that de- 
pending on iheeccentriciUeaof tbe orbits. It isplaintbat tbe more nearly (be mean motion* 
of ibe two planets approach a relation of commensurabillty, tbe amaller will be the displace- 
ment of every third conjnnction, and cottseqnently tbe longer will be tbe duration, and the 
greater tbe ultimate accumulation, of the inequality.— Tk AN SLator. 

' The nlility of observations of tbe transits of the inferior planets for determining the 
wlar parallax na* first pointed oat by James Gregcry. (Optica Promote, 1663.)— TaaNS- 
LATO». 
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and 17C0, on which occasions France — not to speak of stations in Bo- 
rep* — was tepresented at the isle of Bodrigo by Pingrg; at tbo isle of 
Sao Domingo l>; Fleurin ; at Califoruia by the Abb6 Obappe ; at Pod- 
dicberry by Legentjl. At the same epochs England sent Maskelyne to 
St. Helena; Wales to Hudson's Bay; Maeon to the Cape of Oood 
Hope ; Captain Cooke to Otabeite, &c. The observations of the south* 
eru hemiaphere, compared with those of Europe, an<l especially with the 
observatioDB made by an Austrian astronomer, Father Hell, at Ward- 
huR, in Lnpland, gave, for the distance of the son, the resalt which has 
nnce flgnred in all treatises on astronomy and navijiatloD. 

No government hesitated in furnishing academies with the means, 
however expeDsive they might be, of conveniently establishing their ob- 
serrers in the most distant regions. We have already remarked that 
the determination of the contemplated distance appeared to demand 
imperioQslyan extensive base; for small bases would have been totally 
inadequate to the purpose. Well, Iiaplace has solved the problem nu- 
merically, without a base of any kind whatever. He has deduced the 
distance of the sun from observations of the moon made in one and the 
same plaee I 

The sun is, with respect toour satellite, the cause of perturbations which 
evideutly depend on the distance of the immense luminons globe from the 
eartb. Who does not see that these perturbations would diminish if the 
distauce increased ; that they would increase, on the contrary, if the dis- 
tance diminished ; that the distance finally determines the magnitude 
of the perturbations 1 

Observation assigns the numerical value of these pertnrbatious i 
theory, on t-he other hand, unfolds the general mathematical relation, 
which connects them with the solar parallax, and with other known ele- 
ments. The determination of the mean radius of the terrestiial orbit 
then becomes one of the most simple operations of algebra. Such is the 
happy combination by the aid of which Laplace has solved the great, the 
celebrated problem of parallax. It is thus that the illustrious geometer 
found for the mean distance of the snn from the earth, expressed in 
radii of the terrestrial orbit, a value differing only in a slight degree from 
that which was the fruit of so many troublesome and expensive voyages. 
According to the opinion of very competent judges, the result of the in- 
direct method might not impossibly merit the preference.* 

The movements of the moon proved a fertile mine of research to our 
great geometer. His penetrating intellect discovered in them unknown 
beasures. He disentangled them from everything which concealed them 
from vulgar eyes with an ability and a perseverance equally worthy 6t 

'Mtjer, from the princtples of ffravitatloD, (Theorii Lunte, lT<i7,) compnied tbe value of 
the lobu" parallax totre 7".8. He remarked tbat the error of Ihia determinntioii did not 
■cnoant to oae-tirentielh of the whole, whence it followed that Ihe tme valne of the parallax 
conld not exceed 8" .2. Laplace, by an analogoni procesa, determined the parallax to be 
&'.a, Enche, bj a profoond diKnuion of Iheobaerrations of the Iraniita of Teno* in 1701 
and 1769, fonnd the valne of tho same element to be 8".5T76.— Trahslatob. 
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admiration. The reader will excnse me for citing aDother of Bach ex- 
am pies. 

Ihe earth govenis tbe moTements of the moon. The earth is flattened ; 
in other words, its figure is spheroidal. A spheroidal body does not at- 
tract like a sphere. There ODght, then, to exist in the movement, I bad 
almost said in tbe countenance, of the moon a sort of impression of tbe 
spheroidal figure of the earth. Such was the idea aa it originally oc- 
curred to Laplace. 

ft still remained to ascertain (and here consisted the chief di£Bcalty) 
whether (be effects attributable to the spheroidal figure of the earth 
were snfBciently sensible not to be confounded irith the errors of obser- 
vatioQ. It was accordingly necessary to find the general formula of i>er- 
tui-bations of this nature, iu order to be able, as iu the case of the solar 
parallax, to eliminate the unknown quantity. 

The ardor of Laplace, combined with bis power of analytical research, 
surmounted all obstacles. By means of an investigation which de- 
manded tbe most minute attention, the great geometer discovered is 
the theory of the moon's movements two well-dcllned perturbations de- 
peuding on the spheroidal figure of tbe earth. The first affected the 
resolved elementof the motion of our satellite, which is chiefly measured 
with the instrument known in observatories by the name of the transit 
instrument ; tbe second, which operated in tbe direction north and south, 
could only be effected by obserrations with a second instrument, termed 
the mural circle. These tiro inequalities, of very different magnitudes, 
connected with tbe cause which produces them, by analytical combina- 
tions of totally different kinds, have, however, both conducted to the 
same value of the ellipticity. It must be borne in mind, however, that 
the ellipticity, thus deduced flx>m tbe movements of the moon, is not 
the ellipticity corresponding to such or such a country, the ellipticity 
observed in France, iu England, in Italy, iu Lapland, in I^orth America, 
in India, or in tbe region of the Cai>e of Good l]o|>e, for the earth's ma- 
terials having undergone considerable upheaviugsat different times, 
and in different places, the primitive regularity of its curvature has been 
sensibly disturbed by this cause. The moon — and it is this circuDistance 
which renders the result of such inestimable value — ought to assign, 
and has in reality a^tsigned, tbe general ellipticity of the earth; in other 
words, it has indicated a sort of mean value of the various determina- 
tions obtained at enormous expense, and with infinite labor, as the 
result of long voyages undertaken by astronomers of all the conntriea 
of Europe. 

■ I shall add a few brief remarks, for which I am mainly indebted to 
the author of tbe MtJcanique Celeste. They seem to be eminently 
adapted for illustrating the profound, the unexpected, and almost par- 
adoxical character of tbe methods which I hare just attempted to 
sketch. 

What are the elements which it has been found necessary to confront 
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with each otber in order to arrive at results expressed even to the pre- 
cision of the smallest decimals 1 

Ou the one band, mathematical formnlie deduced from the principle 
of oDiversal attraction ; on the other hand, certain irregalarities ob< 
sen'ed in the returns of the moon to the meridiau. 

An observiug geometer who, from bis infancy, bad never quitted bis 
chamber of study, and who had never viewed the heavens except 
through a narrow aperture directed north and south, in tbe vertical 
plane of which the principal astronomical instruments aremade to move — 
to whom nothing had ever been revealed respecting the bodies revolving 
above his head, except that they attract each otber accordiug to the 
Newtonian law of gravitation — would, however, be enabled to ascertain 
that his narrow abode was situated upon the surface of a spheroidal 
body, tbe equatorial axis of which surpassed tbe polar axis by a three 
hundred and sixth part ; he would have also found, in his isolated, im- 
movable positi(m, his true distance from the sun, 

1 have stated at the commencement of this notice that it is to 
lyAlembert we owe tbe first satisfactory mathematical explanation of 
the pheoomenon of tbe precession of the eqainoxes. But our illustrious 
countryman, as well as Euler, whose solution appeared sobsequently to 
that of D'Alembert, omitted all consideration of certain pbysical cir- 
cnmBtances, which, however, did not seem to be of a nature to be neg- 
lected without examination. Laplace has supplied this deficiency. He 
baa shown that the sea, notwithstanding its flnidity, and that tbe at> 
mosphere, notwithstanding its currents, exercise the same influence on 
the movements of the terrestrial axis as if they formed solid masses ad- 
liering to the terrestrial spheroid. 

Do tbe extremities of the axis around which the earth performs an 
entire revolution ouce in every twenty-four honrs correspond always to 
the same material points of the terrestrial spheroid t In otber words, 
do the poles of rotation, which fhim year to year correspond to different 
stars, nndergo also a displacement at tbe surface of the earth T 

In the case of tbe affirmative, the equator is movable as well as the 
poles; tbe terrestrial latitudes are variable ; no country during the lapse 
of ages will eujoy, even on an average, a constant climate; regions tbe 
most different will, in their turn, become circnmpolar. Adopt tbe con- 
trary supposition, and everything assumes the character of an admi- 
rable permanence. 

The question which I have just suggested, one of tbe most important 
in astronomy, cannot he Golvetl by the aid of mere observation, on ac- 
count of tbe uncertainty of the early determinations of terrestrial lati- 
tnde. Laplace has supplied this defect by analysis. Tbe great geome- 
ter has demonstrated that no circumstance depending on universal gravi- 
tation can sensibly displace the poles of tbe earth's axis relatively to 
the surface of the terrestrial spheroid. The sea, far iVom being an ob- 
stacle to the invariable rotation of the earth upon its axis, wonld, on the 
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coDbrary, redaon the axia to a permanent coodttioo id oouseqaence of 
tUe mobility of the waters and the resistance which their oscfllatioiu 
experience. 

The remarks which I hare jast made with respect to the poeition of 
the terrestrial axis are eqnally applicable to the time of the earth's ro- 
tation, which is the unit, the trne standard of time. The importance of 
this element induced Laplace to exafiiine whether its namerical value 
mi^bt not be liable to vary from interDa) canses, such as earthquakes 
and volcanoes. It is hardly necessary for me to state that the result 
obtained was negative. 

The admirable memoir of Lagrange npon the libration of the moon 
seemed to have exhaosted the ealyect. This, however, was not the 
case. 

The motion of revolntion of onr satellite aroond the earth is subject 
to perturbations, tecbuically termed secular, which were eithernnknowu 
to Lagrange or which he neglected. These inequalities eventnally place 
the body, not to speak of entire circumferences, at angular distances of 
a semicircle, a circle and a half, &&, from the position which it would 
otherwise occupy. If the movement of rotation did not participate in 
such perturbations, the moon in the lapse of ages would present in sac- 
cession all the [tarts of its surface to the earth. 

This event will not occur. The hemisphere of the moon which ia 
actnally Invisible will remain invisible forever. Laplace, in lact, baa 
shown that the attraction of the earth introduces into the rotatory mo- 
tion of the lunar spheroid the secular inequalities which exist in the 
movement of revolution. 

rteaearches of this nature exhibit in full relief the power of mathemat- 
ical analysis. It would have been very difficult to have discovered by 
synthesis tratha so protbuudly enveloped in the complex action of a 
multitude of forces. 

We should be inexcusable if we omitted to notice the high impor- 
tance of the labors of Laplace on the improvement of the lunar tables. 
Tlie immediate object of this improvement was, in effect, the promo- 
tion of maritime intercourse between distant countries; and, what was 
indeed £ir superior to all considerations of mercantile interest, the pres- 
ervation or the lives of mariners. 

Thanks to a sagacity without parallel, to a perseverance which knew 
no limits, to an ardor always yontbrni, and which communicated itself 
to ubleco-a4Jutors, Laplace solved the celebrated problem of the longi- 
tude more completely than could have been hoped for in a scientiHc 
point of view, with greater precision than the art of navigation, iu its 
utmost refinement, demanded. The ship, the sport of the winds and 
tempests, has no occasion, in the present day, to be afraid of losing 
itself iu the immensity of the ocean. An intelligent glance at the starry 
vault indicates to the pilot, in every place and at every time, his dis- 
tance from the meridian of Paris. -The extreme perfection of the ex- 
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isting tables of the moon entitles Laplace to be raoked amoug the bene* 
fiMitore of bamanity.* 

In tlie beginning of the year 16tl, Galileo Bnpposed that he fonod in 
tlie eclipses of Jupiter's satellites a simple and rigorons solution of the 
funons problem of the longitude, and active negotiations were imme- 
diatfily commenced with the view of introducing the new method on 
bo»rd the unmerous vessels of Spaiu and Holland. These negotiations 
failed. From the discnssion, it plainly appeared that the accurate ob- 
servatiou of the eclipses of the satellites would requiue powerful tele- 
scopes; bat such .telescopes could not be employed on board a ship 
tossed about by the waves. 

The method of Galileo seemed, at any rate, to retain all its advan- 
tagoB when applied on land, and to promise immense improvements to 
geography. These expectations were found to be premature. The 
movements of the satellites Of Jupiter are not by any means so simple 
as the immortal inventor of (he method of longitudes supposed them to 
be. It was necessary that three generations of astronomers and mathe- 
maticians should labor with perseverance in nnfoldiug their, most con- 
siderable pertarbations. It was necessary, in flue, that the tables of 
those bodies should acqnire all desirable and necessary precision, that 
Laplace should introduce into the midst of them the torch of mathemati- 
cal analysis. 

In the present day, the nautical epbemerides contain, several years in 
advance, the indication of the times of the eclipses and re-appearances 
of Jupiter's sateltites. Calculation does not yield In precision to direct 
observation. lu this group of satellites, considered as an independent 
system of bodies, Laplace found a series of perturbations analogous to 
those which the planets experience. The ra[>idity of Ihu revolutions un- 
folds, in a •tnfflciently short S|iace of time, changes in this system which 
require centuries for their complete development in the solar system. 

Although the sateUites exhibit hardly nu appreciable diameter even 
when viewed in the best telescopes, our illustrions countryman was en- 
abled to determine their masses. Finally, he discovered certain simple 
relations of an extremely remarkable character between the movements 
of those bodies, which have been called the laws of Laplace. Posterity 
will not obliterate this designation; it will acknowledge the propriety 
of inscribing in the he»veus the name of so gioat an astronomer beside 
that of Kepler. 

* The tbeoreticMl reiiearcbes of Laplice forined the baaia of Uurckliirdt'a Lunar Tabloa, 
whteb nre cbieSj e[np1uT«d in compntiog tbe plscea of the moon fur the Nuuikal Almanac 
and otber ephemarides. Tluue Mblee were defaced bj an empiric eqnalioD, »ii|rReiied for 
Ibe porpme uf reprewntiog an ineqaalitr of loDfc period which seemed to ifTect tbe meaoi 
loogitade of ili« moon. No wttiafiKtor)' eiplanatioD of tbe origin of Ibia ioequatity conld 
be discovered b; any Keooieler, althoagb it formed the anbject of much loilsonip inveaiiga- 
lion Ihrougboat the present ceotury . until at length M. Haneoo found il lo arise from a 
combiuatioD of two ioequBliEloa due Id tbe dlsturhing actioD of Venus. The peiiod of one 
oTtbeeelneqaHlitiM it 27U yeari, and thai of the other isiCOyeara. Tbe mailmum value of 
tbe forawr is 2T".4, and that of tbe latter is 23".ti.- Translator. , 
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Let aa cite two or tbree of tbe laws of Lnploce : 

If we add to the meaa longitude of the first satellite twice that of the 
third, and subtract from the sum tbree times the mean lon^tiide of the 
necoad, tbe result will he exactly equal to 130°. Would it uot be very 
extraordinary if tbe three satellites bad been plaml originally at tbe 
distances from Jupiter, and in the poaitious, with respect to each other, 
adapted for constautly and rigorously maintaining' the foregoing rela- 
tion 1 Laplace has replied to this question by showing that it is not 
necessary that this relation should hare been rigorously true at the ori- 
gin. The mutual action of the satellites would necessai-ily hare reduced 
it to its present mathematical condition, if ouce the distances and the 
positions satisfied the law approximately. 

This first law is equally true when we employ the synodical elements. 
It bence plainly results that tbe three first satellites of Jupiter can never 
he all eclipsed at the same time. Bearing this in mind, we shall have 
no ditUculty iu apprehendiug the import of a celebrated observation of 
receut times, during which certain astronomers perceived tbe planet for 
a short time without any of bis four satellites, This would uot by any 
meaus authorize us in supposing tbe satellites to be eclipsed. A satel- 
lite disappears when it is projected upon tbe central port of the lami- 
nous disk of Jupiter, and also when it passes behind the opaque body 
of the planet. 

Tbe following is another very simple law to which tbe mean motious 
of the same satellites of Jnpiter are subject: 

If we add to tbe mean motion of the first satellite twice the mean 
motion of the third, tlie sum is exactly equal to tbree times the mean 
motion of the second. * 

This numerical co-incidence, which is perfectly aceurate, would be one 
of tbe most mysterious phenomena in the system of the universe if 

' TtiiH law is neceBsaril; mcliided in the law alreudj eauDcialcd by ibe alitbor relKlive to 
the mcBii longitudFB. The follow in^JB ths most usual mods of eipreBBiDg these uniiouB rel*' 
tiouB : Ist, the mean motion of the first iittelllte. pins twice the meaa nioUon of Ihe third, 
miDus three ^meB the mean molion of the Becom], Is rigorously equal lo lero ; 3d. the mean 
lon^tude oF the first satellite, plus twice tha mean longitude of Ihe third, minus throe timea 
tbe mean lougtlude of the aeconil, ia equal to IHO°. It is plain that if we uiilj consider 
the mean longUuile bete to refer to ugicen tpork, the comhiuation of tbe two laws will as- 
Bure the existence of an Boalogoua relation between tbe mean longitudes /or anjiiatatit tif 
time wkatever, whether past or fnluro. Laplace has shown, as the anthor bis stated in tbe 
lexl.lbat if Ihese relations bad only beeu approximately tme at the origin, the Dutnal 
attraction of the three BHlellites wonld have ultimately rendered them rigorooBly bo ; under 
such circumstances tbe mean longitude of the first Hat«ll ire, plus twice the mean loogitude 
<if tbe third, minus thri« times the mean longitude of the second, would CLDllnually oscil- 
Jale about 180° as a mean value. The tbree Batelliies would parliclpala in this tibratory 
tnovement, the extent of OBcillation dependiug iu each case oa the ma^B of Ihe satellite and 
Its distance from tbe primary, but the period of libretion ii tbe same for all tbe satellites, 
AmouutiDg to 2,370 days 14 hours, or rather more than six years. Observations of iht 
oclipsea of the stttelliics have not afforded any indications of the aciunl existence of such a 
Jibralory motion, BO that Iho relationB between tbe mean motions and mean longitadea may 
be prosnmed lo be always rigorously true.— Tuanslator. 
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Laplace bad not proved that the law need only have been approximate 
at the origiD, and that the mutaal action of the satellites lias sufficed 
to render it rigorous. 

The illustrious geometer ivho always pursned his researches to their 
most remote rnmiflcations arrived at the following result: The action 
of Jupiter regulates the movements of rotation of the satellites, so 
that, without taking into account the secular perturbations, the time of 
rotation of the first satellite, plus twice the time of rotation of the third, 
forms a sum which is constantly equal to three times the time of rota- 
tion of the second. Influenced by a deference, a modesty, a timidity, 
without any plausible motive, onr artists in the last century surren- 
dered to the Bnglish the exclusive privilege of ooustmcting instruments 
of astronomy. Thus, let ns frankly acknowledge the fact, at the time 
when Herscbel was prosecuting his beautiful observations on the other 
side of the Channel, there existed in France no instruments adapted 
for developing them ; we had not even the means of verifying them. 
Fortunately for the scientific honor of onr country, mnthematical analy- 
sis is also a powerful instrument. Laplace gave ample proof of this 
on a memorable occasion when, from the retirement of his chamber, he 
predicted, he minutely announced, what the excellent astronomer of 
Windsor would see with the largest telescopes which were ever con- 
structed by the band of man. 

"When Galileo, in the beginning of the year 1610, dtreet«d toward 
Saturn a telescope of very low power, which he had just executed with 
bis own hands, be perceived that the planet ^as not an ordinary globe, 
without, bowcver, being able to ascertain ite real form. The expression 
<* tri-oorporate,^ by which the illustrious Florentine designated the appear- 
ance of the planet, implied even a totally erroneous idea of its struc- 
ture. Onr oouutryman Eoberval entertained much sounder views on 
the subject, but from not having instituted a detailed comparison be- 
tween his hypothesis and the results of observation, be abandoned to 
Hnyghens the honor of being regarded as the author of the true theory 
ot tbe phenomena presented by the wonderfal planet. Every person 
knows in the present day that Saturn consists of a globe about 900 
times greater than the earth, and a ring. This ring does not touch 
tbe ball of the planet, being everywhere removed from it at a distance 
of 20,000 (English) miles. Observation indicates the breadth of tbe 
ring to be 54,000 miles. Tbe thickness certainly does not exceed 250 
miles. With tbe exception of a black streak, which divides tbe ring 
throngboat its whole contour into two parts of unequal breadth and 
of different brightness, tfais str&uge, colossal bridge without piles had 
never ofl'ered to the most experienced or skillful observer either spot 
or protuberance adapted for deciding whether it was immovable or 
endued with a movement of rotation. 

Ijaplace considered it to be very improbable, if tbe ring was immov- 
able, that its constituent {larts should be capable of resisting by their 
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mere coliesion- tbe coDtiaual attraction of tbe planet. A movement of 
. rotation occurred to bis miud as cooBtitating tbe principle of stability, 
and lie bence deduced tbe necesgary velocity. Tbe velocity tbuB foond 
vas exactly equal to that wbicb Herscbel Bubaeqaently deilnced from 
a course of extremely delicate obaervatioDB. 

Tbe two parts of tbe ring being placed at differeot distances from tbe 
planet, could not fail to experience, ttom tbe action of tbe bud, different 
movements of rotation. It would bence seem tbat tbe planes of both 
ringii ought to be generally inclined toward each other, whereas they 
appear from observation always to coincide. It was necessary, then, 
that some physical cause Bhoald exist which would be capable of neutral- 
izing the action of tbe sun. In a memoir published in February, 17S9, 
Laplace fouud tbat this cause must reside in tbe ellipticity of Saturn, 
produced by a rapid movement of rotation of the planet, a movement 
the existence of which Herscbel announced in November, 1789. 

Tbe reader cannot fail to remark bow, on certain occasions, tbe eyes 
of tbe mind can supply tbe want of the most powerf\il telescopes, and 
lead to astronomical discoveries of tbe highest importance. Let as de- 
scend from tbo heavens npoo the earth. The discoveries of Laplace will 
appear not less important, not less worthy of his genius. 

The phenomena of tbe tides, which an ancient philosopher designated 
in despair the tomb of Auman curUmij/, were counected by Laplace 
with an analytical theory in which the physical conditions of the ques- 
tion figure for the first time. Accordingly calculators, to the immense 
advantage of the navigation of our maritime coasts, venture in tbe 
present day to predict several years in advance tbe details of tbe time 
and height of tbe full tides without more auxiety respecting tbe result 
than if the qaestion related to the phases of an eclipse. 

There exists between the different phenomena of tbe ebb and Sow of 
the tides and the attractive forces which the sun and moon exercise 
upon the Quid sheet which covers tbree-foortba of tbe globe, an intimate 
and necessiirj- connection, fiom which Laplace, by the aid of a series of 
twenty years of observations, executed at Brest, deduced tbe value of 
the mass of our satellite. Science knows in the present day that seventy- 
five moons would be necessary to form a weight equivalent to that of 
the terrestrial globe, and it is indebted for this result to an attentive 
and miuute study of the oscillations of tbe ocean. We know only one 
means of enhancing tbe admiration which every thoughtful mind will 
eutertaiu for theories capable of leading to such conclusions. Au his- 
torical statement will supply it. Id the year 1631, the illustrious Gali- 
leo, as appears from bis Dialogues, was so far from perceiving tlie mathe- 
matical relations from which Laplace deduced results so beautiful, so 
unequivocal, and ao useful, that he taxed with frivolousness the vague 
idea which Kepler entertained of attributing to the moon's attraction a 
certain share in the production of the diurnal and periodical movements 
of tbe waters of tbo ocean. ' 
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Iiaplace did not conflne himself to extending bo cousiderably, and im- 
proving 80 essentially, the matliemstical theory of the tides ; be consid- 
ered tbe pbenomenon from au entirely new point of view ; it was he who 
first treated of the stability of the ocean. Systems of bodies, whether 
solid or Snid, are sabject to two kinds of equilibriam, which we must 
carefully distiugaish from each other. In the case of stable equilibrinm, 
the systeu, when slightly disturbed, tends always to return to its origi- 
nal condition. On the other band, when the system is in nustable equilib. 
rium, a very insignificant deraogemeDt might occasion au enormous 
dislocation in the relative pooitions of its constituent parts. 

If the eqnlibrium of waves is of the latter kind, the waves engendered 
by the action of winds, by earthquakes, and by sudden movements 
firom the bottom of the ocean, have perhaps risen in past times, and 
may rise in the lutnre, to the height of tbe highest mountains. The 
geologist will have the satisraction of deducing from these prodigious 
oscillations a rational explanation of a great multitude of phenomena, 
bat the pablio will thereby be exposed to new and terrible catastro- 
phes. 

Mankind may rest assured ; Laplace bag proved, that the equilibrium 
of the ocean is stable, but apon the express condition (which, however, 
has been amply verified by established facts) that the mean density of 
tbe fluid mass is less than the mean density of the earth. Everything 
else remaining tbe same, let us substitute an ocean of mercury for the 
actnal ocean, and the stability will disappear, and the fluid will fre- 
quently surpass its bonndaries, to ravage continents eveo to the height 
of the snowy regions wliich lose themselves in the clouds. 

Does not the reader remark how each of the analytical investigations 
of Liiplace serves to disclose the harmony aud duration of the universe 
and of our globe T 

It was impossible that the great geometer, who had succeeded so 
well io the study of the tides of tbe ocean, sbonld not have occupied 
his attention with the tides of tbe atmosphere ; that be should not have 
submitted to the delicate and definitive tests of a rigorous calculus the 
generally-difl'nsed opinions respecting tbe influence of the moon upon the 
height of the barometer and other meteorological phenomena. 

Laplace, in effect, has devoted a chapter of his splendid work to an 
examiuation of tbe oscillations which the attractive force of the moon 
is capable of produciug in our atmosphere. Jt results from these re- 
searches that, at Paris, the lunar tide produces no sensible effect upon 
the barometer. The height of the tide, obtained by the discusnion of a 
long series of observations, Las not exceeded two-hundredtbs of a milli- 
meter, a quantity which, in tbe preseut state of meteorological science, 
is less than tbe probable error of observation. 

The calculation to which I have just alluded may be cited in support 
of considerations to which I bad recourse when I wished to establish, 
that if the moon alters more or less the height of the barometer, accord- 
ing to its different phases, the effect is not attributable to attraction. 
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"So person -vaa more sagaoions than Laplace in diecovenng iutimate 
relatioDB between pbenomeua apparently very dissimilar; no person 
ehoved himself more skillful in deducing important conclasious from 
those anexpected afSnities. 

Toward the close of his days, for example, lie overthrew with a stroke 
of the pen, by the aid of certain observations of the moon, the cosmo- 
gonic theories of Boffon and Baill;, which were so long in favor. Ac- 
cording to these theories, the earth was inevitably advancing to a state 
of congelation which was close at hand. Laplace, who never contented 
himself with a vague statement, sought to determine in numbers the 
rapid cooling of onr globe which Bufibn had so eloquently but bo gra- 
taitously announced. Kothing could be more simple, better connected, 
or more demonstrative than the chain of deductions of the celebrated 
geometer. 

A body diminishes in volnme when it cools. According to the most 
elementary principles of mechanics, a rotating body which contracts in 
dimensiouB ought inevitably to turn upon its axis with greater and 
greater rapidity. The length of the day has been determined in all 
ages by the time of the earth's rotation ; if the earth is cooling, the 
leugth of the day must be continually shortening. Now, there exists a 
means of ascertaining whether the length of the day has undergone any 
variation ; this consists in examining, for each century, the arc of the 
celestial sphere described by the moon dnring the interval of time which 
the astronomers of the existing epoch called a day ; in other words, tbe 
time required by the earth to effect a complete rotation on its axis, the 
velocity of tbe moon being, in fact, independent of the time of the earth's 
rotation. 

Let usnow, after the example of Laplace, take from tbe standard tables 
tbe least considerable values, if yon choose, of the expansions or con- 
tractions which solid bodies experience from changes of temi>entture ; 
search then tiie aunnis of Grecian, Arabian, and mo<lern astronomy for 
the purpose of finding in them the angular velocity of the moon, and 
the great geometer will prove, by incontrovertible evidence, founded 
ntM)n these data, that during a period of 2,000 years the mean tempera- 
ture of the earth has not varied to the extent of the hundredth part of 
a degree of the centigrade thermometer. No eloquent declamation is 
capable of resisting such a process of reasoning, or withstanding tbe 
force of such uumbers. The mathematics have been in all ages the im- 
placable adversaries of scientific romances. 

Tbe fall of bodies, if it was not a phenomenon of perpetnal occurrence, 
would justly excite in the highest degree the astonishment of mankind. 
What, in effect, is more extraordinary than to see an inert mass — that is 
to say, a mass deprived of will, a mass which ought not to have any 
propensity to ad%'ance in one direction more than in another, precipitate 
itself toward the earth as soon as It ceased to be supported T 

Nature engenders tbe gravity of bodies by a process so recondite, so 
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comptAtel; beyond the reach of our senses and the ordinary resources 
of bntnan JDtelligence, that the pbiloB0[ihers of antiquity, who supposed 
that they conld explain everything mechanically according to the simple 
evolutions of atoms, excepted gravity fh>ai their specalatioDs. 

Descartes attempted what Leucippns, Democritns, Epicurus, and their 
followers thought to bo impossible. He made the fall of terrestrial 
Itodies depend upon the action of a vortex of very snbtle matter cii'cn- 
lating around the earth. The real improvements which the illustrious 
Hnygheos applied to the ingenious conception of our conutryman were 
ikr, however, from imparting to it clearness and precision, those charac- 
teristic attributes of truth. 

Those persons form a very imperfect estimate of the meaniog of one 
of the greatest questions which have occupied the atteution of tnodem 
inquirers, who regard Newton as having issaed victorious from a strug- 
gle in which his two immortal predecessors bad failed. Newton did not 
discover the cause of gravity any more than Galileo did. Two bodies 
placed in juxtaposition approach each other. Newton does not iuqnire 
into the nature of the force which produces this effect. The force ex- 
ists. He designates it by the term attraction ; but, at the same time, 
he warns the reader that the term, as thus used by hiin, does not imply 
any definite idea of the physical process by which gravity is brought 
into existence and operates. 

The force of attraction being once admitted as a fact, !Kewton studies 
it in all terrestrial phenomena, i-i the revolutions of the moon, the plan- 
ets, Batellit««, and comets ; aud, as we have already stated, be deduced 
from this incomparable study the simple, aniversal, mathematical char- 
acteristics of the forces which preside over the movements of all the 
bodies of which our solar system is composed. 

The applause of the scientific world did not prevent the immortal au- 
thor of the Principia from bearing some i>ersous refer the principle of 
gravitation to the class of occult qualities. This circumstance induced 
Newton and his most devoted followers to abandon the reserve which 
they had hitherto considered it their duty to maintain. Those persons 
were then charged with ignorance who regarded attraction as an essen- 
tial property of matter, as the mysterious indication of a sort of charm j' 
who supposed that two bodies may act upon each other without the in- 
tervention of a third body. This force was then either the result of the 
tendency of an ethereal fluid to move from the free regions of space, 
where its density is a maximum, toward the planetary bodies, around 
which there exists a greater degree of rarefaction, or the consequence 
of the impulsive force of some fluid medium. 

Newton never expressed a definitive opiuion respecting the origin of 
the impulse which occasioned the attractive force of matter — at least in 
our solar system. But we have strong reasons for supposing, in the 
present day, that, in using the word impulse the great geometer was 
thinking of the systematic ideasof Vnrignnn and Fatio de Dnillier, sub- 
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Beqaeotly re-ioTeuted and perfected by Lesage. These ideas, iu effeett 
hod been commnnicBted to him before they were published to the world. 

Acvordiiig to Lesage, there are in the regions of space bodies moving 
ID every possible direction, and with excessive rapidity. The anthor 
applied to these the name of ultramuDdane corpuscales. Their totality 
constitnted the gravitative fluid, if indeed the designation of a fluid be 
applicable to an assemblage of partiolee having no matnal connection. 
) A single bo<ly placed in the midst of snch an ocean of movable par- 
ticles would remain at rest althongh it were impelled pqnally in every 
direction. On the other hand, two bodies ought to advance toward each 
other, since tbey wuald serve the pur[>ose of mntual screens, since the 
surfaces facingeach other would no longer be hit in the direction of their 
line of junction by the ultra-mnndane particles, since there would then 
exist currents, the effect of which would do longer be nentralized by 
opposite currents. It will be easily seen, besides, that two bodies 
plunged into the gravitative fluid would tend to approach each other 
with an iutonsity which would vary iu.tbe inverse proportion of the 
square of the distance. 

If attraction is tiie result of the impulse of a fluid, its action ought 
to employ a finite time in traversing the immense spaces which separate 
the celestial bodies. If the snu, then, were suddenly extinguished, the 
earth, after the catastrophe, would, mathematically speaking, still con- 
tinue for some time to experience its aU^ractive influence. The contrary 
would happen on the occasion of the sudden birth of a planet : a uer- 
tain time would elapse before the attractive force of tb^ new body would 
mahe itself felt on the earth. 

Several geometers of the lant century were of opinion that the force 
of attraction is not transmitted instantaneously from one body to 
another ; they even assigned to it a comparatively inconsiderable veloc- 
ity of propagation, Daniel Bernoulli, for example, in attempting to 
explain how the spring-tide arrives upon our coaste a day and a half 
after the syzygies, that is to say, a day and a half after the epochs when 
the sun and moou are most favorably situated for the production of tbia 
magnificent phenomenon, assumed that the disturbing force required all 
this time (a day and a half) for ite propagation from the moou to the 
ocean. So feeble a velocity was inconsistent with the mechanical ex- 
planation of attraction, of which we have just spoken. The explanation, 
in effect, neoesauily supposes that the proper motions of the celestial 
bodies are insensible, compared with the motion of the gravitative flnid. 
After having discovered that the diminution of the eccentricity of the 
terrestrial orbit is the real canee of the observed acceleration of the 
motion of the moon, Laplace, on his part, endeavored to ascertain 
whether this mysterious acceleration did not depend on the gradnal 
propagation of attraction. 

The result of calculation was at first favorable to the plausibility of 
the hypothesis. It showed that the gradual propagation of the attract* 
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ir? force wonid iotrodnc« into the movement of oar ratollite a pertor- 
bation proportional to the sqoare of tbA time which elapsed from the 
commeuci^meDt of any epoch ; that in order to represent namerically the 
results of nstroiiomical observations, it wonid not be necessary to assign 
a feeble velociry to attraction; that a propagation eight millions of 
times more rapid than that of liftht wonid satisfy all the phenomena. 

Althoagh the true cause of the acceleration of the moon is now well 
known, the ingenioos calcnlation of which I have just spoken does not 
the less on that aoconnt maintain its place in science. In a mathe- 
Diaticat point of view, the perturbation depending on the gradual propa. 
gation of the attractive force which this calculation indicates has a cer- 
tain existence. The connection between the velocity of perturbation 
and the resulting inequality is snch that one of the two quantities leads 
to a knowledge of the numerical valoe of the other. Sow, npon assign- 
ing to the inequality the greatest valne which is consistent with the 
observations after tbey have been corrected for the effect due to the 
variation of the eccentricity of the terrestrial orbit, we flud the velocity 
of the attractive force to be fifty millions of times the velocity of light. 

If it be borne in mind that this number is an inferior limit, and that 
the velocity of the rays of light amounts to 77,000 leagues (193,000 
English miles) per second, the philosophers who profess to explain the 
force of attraction by the impulsive energy of a fluid, will see what pro- 
digious velocities they must satisfy. 

The reader cannot fail again to remark the sagacity with which La- 
place singled ont the phenomena which were best adapted for throwing 
light upon the most obscure points of celestial physics -, nor the success 
with which be explored their various parts, and deduced from them 
anmerical conclusions in presence of which the miod remains con-, 
lonuded. 

The anthor of the MSeanique CSleate supposed, like Newton, that 
light consists of material molecules of excessive tenuity and endned in 
empty apace with a velocity of 77,000 leagues in a second. However,, 
it is right to warn those who wonid be inclined to avail themselves of 
this imposing authority that the principal argument of Laplace in favor 
of the system of emission consisted in the advantage which it afforded 
of submitting every question to a process of simple and rigorous calcu- 
lation ; whereas, on the other hand, the theory of undulations has always 
o^red immense difflcolties to analysts. It was natural that a geometer 
who had so elegantly connected the laws of simple refraction which light 
undergoes in its passage through the atmosphere, and the laws of double 
refraction which it is snbject to in the course of its passage through 
certain crystals, with the action of attractive and repulsive forces, should 
not have abandoned this ronte, before be recognized the impossibility of 
arriving by the same path at plausible explanations of the pbeuomeoa 
of diffiraction and polarization. In other respects, the care which Laplace 
always employed in pnrsning bis researches, as t^ as possible, to their 
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BuaMri.-;!^ N«tt£c3 vill enable those who are disposed to institnte a com- 
■Mvtw- tfwpttfVMM tMv««D the two rival theories of light to derive ftwm 
tl^ It wt -ftit 4V>tf»the materials of several Interesting relations. 

Is '^^: Jia •MMuialion from the sunt Does this bod; launch out inces- 
sji:;;;\ IS «\v4::r tJirectioa a part of its own sabstancef Is it jfratlually 
«V.:::'.:".^«:t*$ in Tolume und massf The attraction exercised by the sqd 
»(t>>n t^.«> t^Artli will, iu that case, gradually become less and less consid- 
<>nt>K Ttt^ radius of the terrestrial orbit, on the other hand, caunot 
f^d t\> ia^^rvHs^, and a corresponding effect will be produced on the length 

This is ihe conclusion which suggests itself to every person upon n 
Antt j;)Hmv at the subject. By applying analysis to the question, and 
l))4>ii imMHHtUiig to numerical computations, founded upon the most trast- 
wxM th>" n>s«Us of observation relative to the length of the year in dif- 
frnmt UK*'S, Laplace has proved that an incessant emission of light, go- 
Ini; oti Itir a t»eriod of two thousand years, bas not diminished the mass 
«f tho 8WH lty the two-milliouth part of its original value. 

Our illustriooe countryman never proposed to himself nuythiug vngue 
m iudi'tliiito. Bis coustant object wp.s the explanation of the great 
ptu'iiomona of nature, accordiug Co the inflexible principles of mathemat- 
ictil luialysis. No philosopher, no mathematician, could have main- 
liilni^) lilmself more cautiously ou his guard against a propensity to 
luwiy spei'ulation. No person dreaded more the scientific errors which 
(he iiutiKl'"^''*'" gives bii'th to, when itceaseatoremainwithiu the limits 
i\f Ihi'ts, of calculation, and of analogy. Once, and once only, did 
iMplai'e launch forward, like Kepler, like Descartes, like Leibnitz, like 
liutToii, Into the regiou of conjectures. His conception was not then less 
IhiMi a cosmogony. 

All iho planets revolve around the sun, from west to east, and in planes 
which luelado angles of inconsiderable magnitude. The satellites revolve 
itituuid llieir rttspective primaries in the same direction as that in which 
the plaiietH revolve arouud the suu, tliat is to say, from west to cast. 

'riut plaaets and satellites which have been found to have a rotatory 
null ion, liini also upon theiraxos from west to east. Finally, the rota- 
ttiin of the sun Is also directeil from west to east. We have here, then, 
an H<«Hi'mUhigo of forty-three movements, all operating in the same di- 
n'clioa. Hy the calculus of probabilitiejj, the odds are four thousand 
mllllous to Olio that this coincidence iu the diit^ctiou of so many move- 
iiU'titH U not the etfect of accident. 

It. v!H!* Iliill'ou, I think, who first attempted to explain this singular 
h>titun« of oar solar system. Having wished iu the esplauation of phe- 
ntiiuciui to avoid all recourse to causes which were not warranted by na- 
luiis the eolubrated academician investigated a physical origin of the 
HyHlcia la wliat was common to the movements of so many bodies differ- 
ing ill miiguitado, iu form, and in distance from the principal center of 
attraotiou. IIo Imagined that he discovered such au origin by making 
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this triple supposition : A comet fell obliquely npon the aaa ; it pashed 
before it a torrent of Said matter ; this substance transported to a 
greater or leas distance from the suu, according to its mass, formed by 
coDceotration all the known plaoets. 

The bold hypothesis of Buffon is liable to DDsarmoantable difflcnities. 
I proceed to indicate, in a few words, the cosmogonic system which 
Laplace substituted for that of the iltustrions author of the HUtoire 
Haturelle. 

According to Laplace, the bud was at a remote epoch the central 
nucleus of an immense nebula, which possessed a very high temperature, 
and extended far beyond the region in which Uranns revolves in the 
present day. No planet was then in existence. 

The solar nebula was endued with a general movement of revolntion 
directed from west to east. At it cooled it could not fail to experience 
a gradual condensation, and, in conseqneuce, to rotate with greater and 
greater rapidity. If the nebulous matter extended originally in the 
plane of the equator as far as the limit at which the centrifugal force 
exactly counterbalanced the attraction of the nucleus, the molecules 
situate at this limit ooglit, dnring the process of condensation, to sepa- 
rate from the rest of the atmospheric matter, and form an equatorial 
Eone, a ring revolving separately and with its primitive velocity. 

We may conceive that annlogons separations were effected in the 
higher strata of the nebula at different epochs, that is to say, at differ* 
ent distances from the nucleus, and that they give rise to a succession 
of distinct rings, included almost in tbe same plane and endued with dif- 
ferent velocities. 

This being once admitted, it is easy to see that the indefinite stability 
of tbe rings wonid have required a regularity of structnre throughout 
their whole contour which is very improbable. Each of them accord- 
ingly broke in its turn into several masses, which were plainly endued 
with a movement of rotation, coinciding in direction with the common 
movement of revolution, and which in consequence of their fluidity as* 
snmed spheroidal forms. 

In order, then, that one of those spheroids might absorb all the others 
belonging to the same ring, it will be sufficient to assign to it a mass 
greater than that of any other spheroid. 

Kach of the planets, while in the vaporous condition to wfaich we have 
just ellnded, would manifestly have a central nucleus gradually increas- 
ing in magnitude and mass, and an atmosphere offering, at its succes- 
sive limits, phenomena entirely similar to those which the solar atmos- 
phere, properly so called, had exhibited. We here witness the birth of 
satellites, and that of the ring of Saturn. 

The system of which I have just given an imperfect sketch has for 

its object to show how a nebnla endued with a general movement of 

rotation must eventually transform itself into a very laminoaa central 

nadeas (a sun) and into a series of distinct spheroidal planets, sitnato 
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at considerable distances (h>m each other, revolviag all aroaod the cen- 
tral BUD ia the direction of tbe original movement of the nebala ; how 
these planets ought also to have movements of ro'-atioa operating in 
similar directions ; how, finally, the satellites, when any of euch are 
formed, cannot fail to revolve npon their axes and around their respect- 
ive primaries, in tbe direction of rotation of the planets and of their 
movement of revolution around the sun. 

We have just found, conformably to tbe principles of mechanics, the 
forcea with which the particles of the nebula were originally endued, in 
the movements of rotation and revolution of the compact and distinct 
masses which these particles have brought into existence by their con- 
densation. But we have thereby achieved ouly a single step. The 
primitive movement of rotation of the nebula is not connected with the 
simple attraction of the particles. This movement seems to imply the 
action of a primordial impulsive force. 

Liiplace is far from adopting, in this respect, the almost universal 
opinion of philosophers and mathematicians. He does not suppose that 
the mutual attractions of originally immovable bodies must ultimately 
reduce all the ttodies to a state of rest around their common center of 
gravity. He maintains, on the contrary, that three bodies, in a state of 
rest, two of which have a much greater mass than the third, would con> 
centrate into a single mass only in certain exceptionnl cases. In gen- 
eral, the two most considerable bodies would unite together, while the 
third would revolve around their common center of gravity. Attraction 
would thus become the cause of a sort of movement which would seem 
to be explicable solely by an impulsive force. 

It might be supposed, indeed, that in explaining this part of his sys- 
tem Laplace had before bis eyes the words which Kousseau has placed 
in tbe month of the Vicar of Savoy, and that he wished to refute them. 
" Newton has discovered the law of attraction," says the author of 
Emile; " but attraction alone would soon reduce the universe to an im- 
movable mass. With this law we must combine a projectile force in 
order to make tbe celestial bodies describe curve-lines. Let Descartes 
reveal to us the physical law which causes his Tortic^ to revolve ; and 
let Newton show us the baud which launched tbe planets along tbe 
tangents of their orbits," 

According to tbe cosmogonic ideas of Laplace, comets did not origi- 
nally form part of the solar system. They are not formed at the expense 
of the matter of the immense solar nebula. We must consider them as 
small wandering nebula, which the attractive force of the sun has 
caused to deviate from their original route. Such of those comets as 
penetrated into the great nebula at the epoch of condensation and of 
the formation of planets fell into the sun, describing spiral curves, and 
must by their action have caused the planetary orbits to deviate more 
or less from the plane of the solar equator, with which they would 
otherwise have exactly coincided. 
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With respect to tbe zodiacal light, that rock agaiost vhich bo many 
rereries have been wrecked, it consists of the most volatile parts of the 
primitive nebula. These molecules, not having united with the eqaa- 
toriat zones, successively abandoned in tbe plane of tbe Bolar equator, 
ooDtinne to revolve at their original distances, and with their original 
velocities. Tbe circumstance of this extremely rare sabstaoce being 
incladed wholly within the eartli's orbit, and even within that of Venns, 
seemed irreconcilable with the principles of mechanics; but this diffi- 
calty occurred only when tbe zodiacal substance being conceived to be 
in a state of direct and intimate dependeuce on the solar photospbere, 
properly ^ called, an angular movement of rotation was impressed on 
it equal to that of the photosphere, a movement in virtue of which it 
effected an entire revolution in twenty-flve days and a half. Laplace 
presented his conjectures on the formation of the solar system with the 
difiQdeuce inspired by a result which was not founded upon calculatioa 
and observation." 

Perfaaps it is to be regretted that they did not receive a more complete 
development, especially in so tiar aa it concerns tbe division of the mat- 
ter into distinct rings; perhaps it would bave been desirable if the illus- 
trious author had expressed himself more fully respecting tbe primitive 
physical condition, the molecular condition of the nebula at the expense 
of which the sun, planets, and satellites of onr system were formed. It 
is perhaps especially to be regretted that Laplace shonld have only 
briefly alluded to what he considered the obvious possibility of move- 
ments of revolution havinf; their origin in tbe action of simple attractive 
foroes, and to other questions of a similar nature. 

Xotwitbstanding these defects, tbe ideas of tbe author of tbe M£ca- 
nique Citeste are still the only BpeculaCions of the kind which, by their 
magnitude, their coherence, and their mathematical character, may be 
justly considered as forming a physical cosmogony ; those alone which 
in the present day derive a powerful snpport from the results of tbe re- 
cent researches of astronomers on the nebulse of every form and magui- 
tnde which are scattered throughout tbe celestial vault. 

Id this analysis, we bave deemed it right to concentrate all onr atten- 
tion upon the MAsanique Celeste. The Systcme du Monde and the 
ZM>rw Analytique dea ProbaUUtis would niso require detailed notices. 

The Exposition du tyyatime du Monde is tbe M4canique Create divefted 
of the great apparatus of aimlyticnl formula which ought to be atten- 
tively perused by every astronomer who, to use au expression of Plato, 
is desiroDS of knowing the nnmbers which govern the physical universe. 
It is in tbe Exposition du Syst^iae du Monde that persons unacquainted 
with mathematical studies will obtain au exact and competent knowl- 
edge of the methods to which physical astronomy is indebted for its as- 
tonishing progress. This work, written with a noblesimplicity of style. 



164 LAPLACE. 

an exqaisite propriety of expression, and a scrupalons occDracy, ia tflrmi- 
nated by a sketch of the history of astronomy, uoireraally ranked in the 
present day among the finest monuments of the French language. 

A regret has been often expressed that G%sar, in his immortal Com- 
meRtariea, sbonid have confined himself to a narration of his own cam- 
paigns ; the astronomical commentaries of Laplace ascend to the origin 
of communities. The labors undertaken in all ages for the purpose of 
extracting new troths from the heavens are there jnstly, clearly, and 
profoundly analyzed; it is geuins presiding as the impartial jndge of 
genius. Laplace has always remained at the height of his great mis- 
sion ; bis work will be read with respect so long as the torch of science 
shall continue to throw any light. 

- The calculus of probabilities, when confined within just limits, onght 
to interest, iu an eqaal degree, tbe mathematician, the esperiraenlalist, 
and the statesman. From tbe time when Pascal and Fermat established 
its first i>ri[iciple3, it has rendered, and continues daily to render, services 
of the most eminent kind. It is the calculus of probabilities, which, 
after having suggested the best arrangements of tbe tables of popula- 
tion and mortality, teaches us todedace from those numbers, iu general 
80 erroneously interpretctl, conclusions of a precise and useful character ; 
it is tbe calculus of probabilities which alone can regulate justly the 
premiums to be i)aid for assurances ; the reserve funds for tbe disburse- 
ment of pensions, annuities, discounts, &c. Itis underits influence that 
lotteries and other sbatneful snares cunninglylaid for avarice and igno- 
rance have definitively disiippeared. Liiplacehas treated these questions, 
and others of a much more complicated nature, with his accustomed 
superiority. In short, the Theorie Analyttque des ProbabiHt4» is worthy 
of the author of the M&ianique Celeste. 

A philosopher, whose uiime is associated with immortal discoveries, 
said to his audience, who had allowed themselves to be influenced by 
ancient and consecrated authorities, " Bear in mind, gentlemen, that in 
questions of science tbe authority of a thousand is not worth the humble 
reasoning of a single iudividual," Two centuries have passed over their 
wonls of Galileo, without depreciating their value or obliterating these 
truthful chanicter. Tbns, instead of displaying a long list of illustrious 
admirers of the three beautiful works of Laplace, we have preferred 
glancing briefly at some of the sublime truths which geometry has there 
deposited. Ijet as not, however, apply this principle in its utmost rigor, 
and aiticc chance has put into our hands some unpublished letters of one 
of those men of genius, whom nature bas endowed with the rare faculty 
of seizing at a glance the salient points of an object, we may be permitted 
to extract from them two or three brief and characteristic appreciations 
of tbe M6cani4jue Celeste and the Traitides ProbabiHt^. 

On the 27tb Venderaiaire, in tbe year X, General Bonaparte, after 
having received a volume of the Micanique Cilexte, wrote to Laplaco 
in the following terms: "The first six month* which I shall have at my 
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disposal will be employed in reading your beaatifal work." It would 
appear that the words, " the first six months," deprive the phrase of the 
character of a commoa-place expressiou of thanks, and convey a just 
appreciatioD of the importance and difficulty of the subject-matter. 

Oq the 6th Frimaire, io the year XI, the reading of some chapters of 
the volume which Laplace had dedicated to him was to the general " a 
new occasion for regretting that the force of circumstances bad directed 
him into a career which removed him from the pursuit of science." 

" At all events," added he, " I have a strong desire that future gen- 
erations, upon reading the MAianiqtte CSleate, shall not forget the es- 
teem and friendship which I have entertained toward its author." 

On the 17tb Frairial, in the year XIII, the general, now become Em- 
peror, wrote from Milan: "The MA^nique Cileste appears to me des- 
tined to shed new luster on the age in which we live." 

Finally, on the 12th of Angast, 1812, Napoleon, wbo bad Ju':t received 
the Traiti du CaUul det ProbahUit4» wrote from Witepask the letter 
vhicb we transcribe textually : 

"There was a time when I would have read with interest yonrTmit^ 
Au Gaicul des Probabilitds. For the present, I must confine myself to 
expressing to yon the satisfaction which I experience every time that I 
aee you give to the world new works which serve to improve and ex- 
tend the moat important of the sciences aud contribute to the glory 
of the nation. The advancement and the improvement of mathemati- 
ical science are connected with the prosperity of the state." 

I have DOW arrived at the conclusion of the task which I had im- 
posed npou myself. I shall be pardoned for having given so detailed 
an exposition of the princiital discoveries for which philosophy, astron- 
omy, and navigation are indebted to our geometers. 

It has appeared to me that in thus tracing the glorious past, I have 
shown our contemporaries the full extent of their duty towards the 
country. In fact, it is for nations e^ecially to bear in remembrance 
the ancient adage, noblesse oblige. 

Appendix A. 

The following is a brief notice of some other interesting results of the 
researches of Laplace which have not been meutioned in the text : 

Method for determining the orbits of comets. — Since comets are gen- 
erally visible only during a few days or weeks at the ntmost, the 
determination of their orbits is attended with peculiar difficnlties. 
The method devised by liewton for effecting this object was in every 
respect worthy of his genias. Its practical value was illustrated by the 
brilliant researches of Halley on cometary orbits. It necessitated, how- 
ever, a long train of tedious calculations, and, in consequence, was noli 
much used, astronomers generally preferring to attain the same end by 
a tentative process. In the year 17S0, Laplace communicated to the 
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Academy of Sciences an analytical method for determiniag the elements 
of a comet's orbit. This method has been extensively employed in 
France. Indeed, previously to tbe appearance of Olbers's method, about 
the close of the last century, it furnished the easiest and most espedi- 
tious process hitherto devised for calculatiug the parabolic elements of 
a comet's orbit. 

Invariable plane of the solar rystem. — In conseqnence of the matne^ 
perturbations of the different bodies of the planetary system, the planes 
of the orbits in which they revolve are perpetually varying in position. 
It becomes, therefore, desirable to ascertain some fixed plane to which 
the movements of the planets in all ages may be referred, so that the 
observations of one epoch might be rendered readily comparable with 
those of another. This object was accomplished by Laplace, who dis- 
covered that notwithstanding the perpetual fluctuations of the planetary 
orbits, there exists a fixed plane, to which the positions of the varions 
bodies may at any instant beeasily referred. This plane passes throngh 
the center of gravity of the solar system, and its position is such that 
if the movements of the planets be projected apon it, and if the mass of 
each planet be multiplied by the area which it describes in a given time, 
tbe sum of snch products will be a maximum. The position of the plane 
for the year 1750 has been calculated by referring it to the ecliptic of 
that year. In this way it has been found that tbe inclination of the 
plane is 1° 35' 31", and that the longitude of the ascending node is 102° 
67' 30". The position of the plane when calculated f<a Che year 195U, 
with respect to the ecliptic of 1750, gives l'^ 35' 31" for the inclination, 
and 102° 57' 15" for the longitude of the ascending node. It will be 
seen that a very satisfactory accordance exists between tbe elements of 
the position of the invariable plane for the two epochs. 

IHminxttioH of tlie obUqiiity of the ecliptic. — ^The astronomers of the 
eighteenth century bad found, by a comparison of ancient with modem 
observatious, that the obliquity of the ecliptic is slowly diminishing from 
century to century. The researches of geometers on the theory of gravi- 
tation bad shown that an effect of this kind must be produced by the 
disturbing action of the planets on tbe earth. L:iplace determined the 
secular displacement of the plane of the earth's orbit due to each of the 
planets, and in this way ascertained the whole effect of perturbation npon 
the obliquity of the ecliptic A comparison which be instituted between 
the re:4ults of his formula and an ancient observation recorded in the 
Chinese Annals exhibited a most satisfactory accordance. The obser- 
vation in question indicated the obliijuity of the ecliptic for the year 1100 
before tbe Christian era to be 23° 54' 2"-5. According to the principles 
of the theory of gravitation, the obliquity for the same epoch wonid he 
23° 51' 30". 

lAmita of the obliquity of the ecliptic modified by the action of tite svn 
and moon upon the terrestrial spheroid. — The ecliptic will not continue 
indefinitely to approach tbe equator. After attaining a certain limit, it 
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will then Taryiatheoppo3iteclirectioii,andthe obliquity will coDtinaally 
increase in lilte manner as it previously dimiui^ed. Fiually, the in. 
diuation of the equator aod the ecliptic will attain a certain maximam 
valae, and Uien the obliquity will again diminish. Thus the angle con- 
tained between the two planes will perpetually oscillate within certain 
limits. The extent of rariatiou is inconsiderable. Laplace found that, 
in cfHiseqnence of the spheroidal figure of the earth, it is even less tbaii 
it would otherwise have been. This will be readily understood, wheu 
we state that the disturbing action of the sun and moou upon the ter- 
restrial spheroid produces an oscillation of the earth's axis which occa- 
sions a periodic variation of the obliquity of the ecliptic. Now, as the 
plane of the ecliptic approaches the equator, the mean disturbing action 
of the Ban and wood upon the redundant matter accumulated around 
tbe latter will nndergo a corresponding variation, and heuoe will arise 
an incoDceivably slow movement of the plane of the equator, which will 
necessarily affect the obliquity of the ecliptic. Laplace fonnd that if it 
were oot for this canse, the obliquity of tbe ecliptic would oscillate to 
the extent of 4° 63' 33" on each side of a mean value, but that when the 
movements of both planes are taken into account, the extent of oscilla- 
Ciou is reduced to 1° 33' 45". 

Variatiott of the length of the tropical year. — The disturbing action 
of tbe sou and moon apou tbe terrestrial spheroid occasions a continual 
regression of the equinoctial points, aud hence arises the distiuction 
between the 'sidereal and tropical year. Tbe effect is modified in a small 
degree by tbe variation of the plane of the ecliptic, which tends to produce 
a progression of the equinoxes. If the movement of tbe equinoctial points 
arisiug from these combined causes was uniform, the length of the tropi- 
cal year would be manifestly invariable. Theory, however, indicates 
that for ages past the rate of regression has been slowly increasing, aud 
consequeotly the leogtb of the tropical year has boon graduully dimin- 
ishing. The rat« of diminntion is exceedingly small. Laplace found 
that it amounts to somewhat less than half a second in a century. Con- 
sequently tbe length of tbe tropical year is now about ten seconds less 
than it was in the time of Hipparchus. 

JAmitg of rariation of the tropical year modified by the disturbing 
action of the sun and moon upon the terrestrial spheroid. — The tropical 
year will not continne indefinitely to diminish in length. When it has 
once attained a certain minimum valne, it will then increase, until finally 
having attained an extreme value iu the opposite direction, it will again 
begin to diminish, and thus it will perpetually oscillate between certain 
fixed limits. Laplace found that the extent to which the tropical year 
is liable to vary from this cause amounts to 38 seconds. If it were oot 
for the effect produced npon the inclination of the equator to the eclip- 
tic by the mean disturbing action of tbe sun and moon npon the ter- 
restrial spheroid, the extent of variation would amonnt to 102 seconds. 

Motion of the perihelion of the terrestrial orbit. — The mtijor axis of 
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the orbit of eacb planet is Id a state of coDtianal moTemeot from tbe 
disturbing antioo of tbe otber planets. Id aome cases it makes the com- 
plete tour of tbe beaveaa ; ia others it merely oscillates aronnd a mean 
position. In tbe case of tbe earth's orbit, the perihelion is slowly ad- 
vancing in tbe same direction as that in which all tbe planets are re- 
volving around the sun. The alteration of its position with respect to 
the stars amounts to about 11" in a year, but since the equinox is re- 
gressing iu tbe opposite direction at tbe rate of 50" in ayear, the whole 
annual variation of tbe longitude of the terrestrial perihelion amonnts 
to 61". Laplace has considered two remarkable epochs in connection 
with this fact, viz, the epoch at whicb tbe major axis of tbe earth's orbit 
coincided with tbe line of the equinoxes, and the epoch at wbicb it stood 
perpendicular to that line. By calculatiou he found the former of these 
epochs to be referable to tbe year 4107 B. 0., and the latter to tbe 
year 1245 A. D. He accordingly suggested that the latter should be 
used as a universal epoch for tbe regulation of chronological occnrreoces. 
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EULOGY OS QDETELKT. 



iasTBACi or AN EsuT UPON HIS LiFB AMD Works, by Ed. Haiu.t. 



[TraiuUted fgr tbe Smlth»ODlAD loMlCntioii IVom the AnnuaWib TAtad*Bilt nyal* of Belflnm for tSTS.] 

Lambert Adolphe Qaetelet was born at Gbeot on tlie 22d of February, 
1796. He was educated at the lyceam of bis native town, and early 
abowed tbat nature bad endowed blui, not only with a vivid imagina- 
tJou and a mind of power, but also with the precioas gift of iodotnitable 
perseverance. He carried away all tbe prizes of his scbool, and at the 
same time wrote poetry which attracted considerable attention. He 
also manifested a talent for art, and a drawing of his gained the first 
prize at tbe lyceam of Ghent in 1812. 

Having lost bis father when only seven years of age, and bis family 
Lot being able to support him, he was obliged, aa soon as be had com- 
pleted bis course at tbe lycenm, to enter, as a teacher, tbe iDstitntioD 
for public instruction at Andenarde. Here he remained a year, teach- 
ing mathematics, drawing, and grammar j be was then given a master- 
ship in his native tewn. In 1S16 the lyceum at Ghent, by order of the 
mnaicipal conncil, was converted into a nuiversity, and Qnetolet was ap- 
pointed professor of mathematics. He received bis nomination on his 
nineteenth birthday. There was nothing brilliant in the lot which bad 
thne far fallen to him, but it secured tbe means of existence, and left 
him at liberty to devote himself to art, literature, and science. 

His most intimate companion, with whom be shared all tia tastes, 
was G. Dandelin, who had been his fellow-pnpil at the lyceum. Tbe 
two friends at one time appear to have been seized with a dramatic 
furor, and, with the assistance of a distinguished musician, composed a 
grand prose opera in one act, called " JoAn the Second, or Cliarlct tke 
Fifth, in the walU of Qheat." It was represented in the theater of G hent, 
on the 18th of December, 181C. Its success appears to have been moder- 
ate, sinceitwasonly played twice, and was withdrawn on the plea that it 
excited the galleries too much. Be this as it may, with it ended tbe 
dramatic career of tbe authora. They bad, however, in preparation, 
two otherpiece8,7'A«7'uio Trovbadours aad TAe<7i»fer,bnt before tbe com- 
pletion of these Dandelin was appointed second lieutenant of engineers, 
and ordered to Namar, while Quetelet was won back to tbe pursuit of 
science through the influence of bis associate. Professor Garnier. 

In 1819 he passed bis examination and received the degree of Doctor 
of Science, tbe first conferred by the new university. In honor of the 
event be gave a banquet, which was attended by many of tbe public 
fanctiooories, as well as the professors and pupils of the oniversity. 
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Dis iDaugural address gave brilliant promise of bis futare success. It 
was divided iuto two parts: In tbe Srst he showed that the locus of the 
centers of a series of circles, taugeots to two given circles of poaitioD, 
is always a conic section ; in tbe second he exhibited a new cnrve 
of the third degree, tbe/ocale, the locus of the foci of all the conic sec- 
tions, determined by a transversal plane, revolving around a certain 
point, oi>on the surface of a vertical cone. The discovery of this curve 
was an important addition to inatbematics, aud the term fooale ia as 
inseparably connected with the name of Qnetelet, as cycloid with that of 
his favorite author Pascal. Among the themes he submitted to the 
nciversity in addition to his address, was a Latin essay upon tbe ques- 
tion whether aerolites are projected from the moon. 

On the occasion of the laying of the corner-stone of the nniversity 
buildings, a banquet was given, preceded by' a literary meeting, at 
which was read a poem by Qnetelet npou the death of Or^try. This 
production, full of beautiful versification and expressions of esquieate 
sensibility, procured for him an introduction to M. Falk, miutster of 
public instruction, who, with the interest excited by a young uian at 
once a poet and a geometer, a muo of letters and of science, caused him 
to be nominated to a professorship at tbe Atbeoseum of Brussels. 

His first act on arriving at Brasaels was to pay bis respects to Com* 
maudaut Kieuitort. then in his seventy-third year, and who might be 
said to be the only representative of the exact sciences in Belgium. He 
had read the inaugural address of the young doctor, and ^preciated^ 
as it deserved, the discovery of tbe focale. Stimulated by tbe eoooar- 
egement he received, Qoetelet continued his labors in this directioD, 
and published in 1819, in the Annates Bdgique, ao article under tbe 
title of Some neu> properties of the focale and of tome other eurcet. This 
was favorably noticed by Gamier, his former preceptor at Ghent, and 
procured his election as a member of the Belgian Academy on the 1st 
of February, 1820. He was then twenty-four years of age. 

He soon won the high regard of his associates in tbe academy, among 
whom were the talented OomelissMi and tbe renowned chemist Van 
Mons, whose niece he afterward married. The first use be made of bis 
infiueuce was to procure tbe election of his friend Dandelin and of 
BaroD Beiffenberg, third regeut of the athenfeum, afterward professor 
of philosophy at the univerKily of Lou vain. The latter lodged in the 
same house with Quetelot, aud soon became ardently attached to him. 
He was la intimate intercourse aud a great fayorite with the French 
refugees then in Brussels, and introduced to them bis new friend. 
Among them were such men as David, ArnaaU,Bor7de Saint Yiocent, 
Berber, Merlin, &c., who, if tbey had been won by the ready and bril- 
liant wit of BeiEfeubet^, were equally attracted by the more solid quali- 
ties of Quetelet. His relations with tbe refugees did not, however, pre- 
vent him from forming other associations ; he sought out and made 
Mends of the artists of tbe city, joined a literary society which had joat 
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been formed, and became a member of the reading committee for the 
royal theaters. In the latter capacity he bad free access to a stage 
which was favored each year by Tiiliua, Mile. Mars, and the principal 
French comedians of the day. 

The literary society pablished annually a poetical almanac, the twen- 
tieth and last Tolnme of which appeared in 182S, when the society quietly 
ceased to exist. Quetelet was a contribntor, and, as his poetical life 
seems also to have ended about this time, it may be well to notice here 
some of the pieces published by him since the Eulogy on Ordtry. The 
article entitl^ "2%« last moments" resembles somewhat, font is inferior 
to, the "Farewell o/ fAejwet to Aw lamp," one of hia best pieces. '^TkelHth 
of January, or tke night-watch of the ladio," contains some charming 
lines. All ode to Tollens is in the style of Horace, the favorite poet 
of Qaetelet. An ode to Odevare, a painter, greatly admired in 1821, 
although now but little known, is much more elevated in character. The 
incestituro of the principeUity of Orange, given by Charlemagne to William 
the Comet, was also ably treateil in verse by onrassociate. Works of the 
imaginadon, whether in prose or verse, greatly interested Quetelet. His 
"Essay upon Romance^ published in 1833 in £0(910 J-nnote, has lost none 
of its interest, and, with his poetry, onght to be reprinted. He studied 
the romances of different nations, translated into verse Schiller's tale 
called " The Knight of Toggenburg," and into prose various Spanish 
and English ballads. 

He had no predilection for the classical, in literature or art, and says, 
of modern painting, "The pictures of antiquity, full of life and genius 
as they are, can never produce in onr minds the illusive effect they bad 
apon the Greeks and the Romans. Flora, Zephyr, Venus, so charming 
in their pictures, are seldom so in ours. It is no doubt good to be the 
echo of antiquity, but only those can understand the sounds repeated 
who can go back to past ages and assume for the moment their religion 
and national character. Let ns imitate the Greeks in their simplicity 
and in their atlmirable portraiture of nature, but let us have, as they did, 
oar own heroes, our groves, and our religion. What would the age of 
Pericles have said if Euripides and Sophoicles bad repreeeuted only 
Osirus or the mysterious /Et«« of the Egyptians f 

"The Lords of the Castle" and "The Countess Ida," (fables.) "My Lit- 
tle Boat," an allegorical ballad, dedicated to M. Falk, an elegy upon the 
death of Adolph Delemer, au ode to Orion, translated from the Dutch 
of Nieuland, a translation of a portion of Byron's "Siege of Corinth," 
and the "Soald and Lysis," a romance, are among others of his poetical 
pieces worthy of mention. The latter was commended by the classic 
Baoul in the "Belffto Mercury." He says, in reference to it, " Quetelet, 
with whom poetry is only a relaxation, writes verse with great facility. 
He is of the number of those who illustrate the truth that the muses are 



We liave endeavored to give some idea of Quetelet as a poet, a maa 
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of letters, and a geometer, aDcl before proceeding to consider faim as a 
pbysioist, aatronomer, and statistician we shall see bow be filled the 
office of professor. Wtieu first appointed to the Atiieoffiom of Brussels, 
ho occupied only a very subordinate position, aa professor of elementary 
mathematics, bat he was soon promoted, and his duties mach extended. 
In 1821 we find him teaching at the athenteum the descriptive geometry 
of Menge, the theory of shades and perspective, the calculation of prob- 
abilities of La Croix, higher algebra, and analytical geometry ; while he 
was also giving a puhlio course of lectures at the moseum upon experi- 
mental physics, the elements of astronomy, and of differential and 
integral calculus. 

He was very highly esteemed by his pupils. There was something 
about him at once imposing and amiable, while there was a complete 
absence of anything like pedantry or haughtiness. Although marked 
with small'pox, his physiognomy was refined and impressive ; it was only 
necessary to fix his large dark eyes, surmounted with heavy black brows, 
upon the refractory, to insure at once silence and submission. On ac- 
count of the inefficiency of his assistante, he was obliged each year to 
commence arithmetic, algebra, and geometrj'. He separated his pupils, 
according to their ability, into two classes, occupying adjoining rooms, 
and he would pass &om one to the other apartment, experiencing no 
difQculty in preserving silence in both. He was as simple and natural 
in his teaching as in everything else. He reduced arithmetic to a few 
general principles, and, as soon as he had initiated his pupils in the 
notation of algebra, showed how this admirable instrument could be 
used to resolve all ordinary questions relating to numbers. His talent 
for drawing was displayed by the geometrical figures he formed with 
chalk upon the blackboard to illustrate his teachings. At the Athe> 
uaeum his courses attracted numerous auditors from all classes of so- 
ciety. He had a special talent for exposition, and knew how to use to, 
advantage the few instruments he had at command. He disliked to 
make experiments with complicated apparatus, which he said was apt 
to divert the attention from the resulu exhibited ; he considered that 
only indispensable articles, such as the scales, an electric machine, a 
voltaic pile, and a few other simple imstruments need be provided. 

For the use of his public courses he published several elementary 
works. The first, upon astronomy, appeared in Paris in 1826. It has 
been reprinted many times in France and Belgium and translated into 
several languages. It was followed by one upon natural philosophy, 
which was intended to enable his pupils at the museom to correct the 
notes hurriedly taken at the time of the lecture and often erroneous. We 
have said that he disliked complicated apparatus in teaching the ele- 
ments of physics, and he accordingly pre[)ared a small volume, the object 
of which was to describe observations and experiments which could be 
easily made by any one. This waa published in 1832, and the author 
intended to follow it with other works of the snme kind upon magne- 
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tjsm, electricity, light, &c. Id 182S he published a review of the lectares 
giTCD at the museam upon the calculas of probabilities, as an iutrodoc- 
tion to bis coarse of pbysica aod astrooomy. 

The public ItH^tu^es of Qaetelet were snch a sacceas that the govern- 
meot coDsideted it advisable to iustitute other coarses of the same kind, 
and on the third of Marcb, 1S27, was installed the j|fii««tifR af Science 
and Letterx, with a corps of efficient professors iu the various branches 
of science and literature. In the review of the lecture with which, three 
days later, Qnetelet opened bis coarse, we find one of bis favorite ideas: 
" The more progress physical sciences make, the more they tend to 
enter the domain of mathematics, whieh is a kind of centre to which 
they nil converge. We may even judge of the degree of perfection to 
wbicb a Bcienco has arrived by the facility with which it may be sub- 
mitted to calculation." The mnseum continaed to exist for eight years. 
After snfferiDg with all the other educational establishments of the 
country from the effects of the revolution, it was absorbed into the free 
university in 1834, and Qaetelet ceased his public instrnction after 
twenty years of service. He soon commenced again, however, having 
been appointed protessor of astronomy and geodesy to the military 
school, by a royat decree, on the 6th of January, 183C. Among his pu- 
pils at theAtheoeeum were the Duke of Saze Coburg Gotha and the 
late Prince Consort of England, who always retained a warm affection 
for his preceptor. 

We have said that Quetelet was only twenty-four years of age wheo 
miide a member of the Brussels Academy. His first contribation, 
"A memoir upon a general formula for determining the surfaceof apolygtm, 
formed on a ttphere. In/ the arcs of great or little circtegf disposed in any man- 
ner Kkaterer," was an admirable production, Qarnier said of it, that 
its elet^ant simplicity and the symmetry of the formala lent interest to 
a subject which would otherwise have appeared very dry. His second 
memoir, "A new theory of conic sections considered in the solid,'" did him 
great honor. His third paper was apon the paths folloiced by light 
and elastic bodies. We have oowcometoa subject which occupied much 
of his attention, to which he devoted three memoirs presented to the 
academy, and numerous articles in the Correspondanee Math^atiqve et 
Physique — that is, caustic eurres. In one of those articles he gives the 
following theorem, which in importance is worthy to be ranked with the 
discovery of the focale: "The canstic by reflexion, or by relraction for 
any curve whatever, IllumiDated by a radiant point, is the development 
of another curve, which has the property of being the envelope of all 
the circles, which have their centers upon the reflecting or directing 
curve, and of which the radii are equal to the distances of the centers 
from the radiant point in the first case, and proportional to these same 
distances in the second case ; the constant relation being that of the 
siue of incidence to the sine of refraction.'* It was easy to extend this 
theorem to surfaces, considering spheres enveloped instead of circles. 
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The memoirs prescoted to the academy were, Febrnarr 3, 1823, " Upon 
circular conchoids; " November 3, 1S25, '^Beview of a new theory of cata- 
tics followed by different applications to the theory of atereographio projec- 
tions.'^ These researches attracted the attention of Gergonne and other 
distiuguished geometers, and were particularly noticed by the itlustrioos 
French mathematician, Ctaasles, after the Correapondenoe JUa(. and Phys. 
had given them notoriety. We mention two other papers read before 
the Academy. One, "A memoir upon tome graphical oonstrwAions of the 
planetary orbits," and the other " upon different subjects of geometry of 
titree dimensions,^ presented October 28, 1826. 

In 1823 commenced the efforts to foand an observatory in Belgium. 
The especial aptitudes of Quetelet pointed him out as the best person 
to complete the enterprise, and, thanks to M. Falk, then minister of the 
interior, he was commissioned to go to Paris to study the practice of 
astronomy. His own account of his first visit to the observatory may 
not be uninteresting : " I arrived at Paris near the close of the year 
1823, with the prospect of founding an observatory in Belgium, but at 
the same time with a thorough conviction of my want of knowledge of 
practical astronomy. I went immediately to the royal observatory, bnt 
on entering this building, distinguished by historical associations, I waa 
more than ever oppressed with a seuse of my deficiencies. I had not 
even a letter of iotrodnction to relieve the embarrassment of a first visit. 
I mounted with sufficient assurance the grand staircase, but when I 
found myself before the doors of Arago and Bouvard I stood for some 
time irresolute. I was about to knock at the first, when Bouvard 
opened his and came out, on hia way to the observing-halls. He asked 
me what 1 wanted. 1 at once told him my history, to which the excel- 
lent man seemed to listeu with interest. He then introduced me to the 
observing-rooms, into the presenceof the great astronomical iiistrumentH, 
to me a novel and wonderful sight. With great kindness he explained 
their purpose and use, and gave me permission to observe whenever I 
chose to do so. I availed myself of this permission that very evening, 
and to my surprise was allowed access, freely and alone, to the instru- 
ments and records of the observatory, I came day after day, and always 
with the same confidence accorded I From time to time the kind Bouvard 
examined my observations and always with encouraging words. He 
gradually manifested more and more affection for me, ofi'ere<l to initiate 
me into the practical calculus of astronomy, and from that time directed 
all my studies, with a care truly paternal. Not content with these man- 
ifestations of kindness, he invited me to his house, present«d me to his 
friends, among others to La Place and Poisson, admitted me to his 
Friday dinners, and I became in some sort a member of his household." 
Qaetelet remained in Paris several months, and bad the honor of l>eing 
presented to the institute by Alexander von Humboldt. He returned to 
Brussels on the first of March, 1S24. 
To fit himself still further for the office of director of the new obser- 



EULOGT ON QUETELET. 175 

vatory, he was sent to the principal ostablisbmetits of the kind in Europe, 
and on this tour he was accompanied by his wife. He bad married on 
the 20th of September, 1826, the danght«r of a French physician, and 
thb niece of the chemist Van Mons. To an intimate acquaintance with 
the Qsages of polite society this lady aoited a ready wit and not in- 
considerable literary attainments. She was also an excellent musician. 
Obliged at an early age to preside in the house of her father, where 
was congregated the best society of Brussels, she acquired ease and 
grace of manner, and was welt prepared to assint her husband when, in 
after years, he had arrived at distinction, and esercised a generous hos- 
pitality toward the distinguished strangersof every country who visited 
the observatory. During bis journey, Quetolet made the acquaintance 
of some of the most distinguished men of the age, of Herschel, 3cha- 
macher, Graoss, Oldera, and others, and at Weimar he had the pleasure 
of assisting in the celebration of the eightieth birthday of Goethe, with 
whom he remained eight days. The great poet showed him his experi> 
ments in optics, and entertained him with his theory of colors. He was 
also present at the conference of German naturalists, held at Heidel- 
berg on the 18th of September. 

While waiting the completion of his plans in regard to the observa- 
tory, he, in oonjonotion with M. Garnier, established the periodical Jja 
Corretpondance Mathimatique et Pkt/gique, to which the most eminent 
men of the age were willing contributors. This publication continued 
without intermission till 1839, when Quetolet was obliged to resign its 
supervision on account of the pressing nature of his engagements as 
permanent secretary to the academy, to which office he had been elected 
in 1834. 

The erection of the observatory was decided upon on the 8th of June, 
1826. It was constructed according to the plans of Quetelet, but was 
not finished tilt after many vicissitudes, occasioned principally by the 
political events of ISSn. He had been appointed to the directorship in 
1818, but tbe observatory was not completed until 1832. He then im- 
mediately commenced bis labors, of which it would occupy too maeh 
space to give even a list. They included meteorology, terrestrial physics, 
astronomy, the collection of materials for the Annales Annuaires of the 
observatory, and tbe other special works in which he has bronght together 
the results of his researches. In the early da.v8 of tbe observatory, alt 
the attention of Qaetelet was directed toward meteorology and terres- 
trial pbysics. The elements of these two sciences had been almost totally 
neglected in Belgium, and his first desire was to correct this grave error, 
a task in which he perfectly succeeded. He has given the results of bis 
persevering observations in his works Upon Ike climate of Belifiumj and 
Upon Uie pkyrica of the Globe, and thus the basis of the meteorology of 
Belgiam was established. Tbe meteorological observations were com- 
menced in 1833, and also the observations for tbe determination of the 
latitade and longitude of the establishment. At that time Quctelet pos- 
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sessed only very few aod very inferior aatroDomicaliastnimeDts. Id the 
iDontb of July, 1835, tUe meridiaa telescope aail tbe mural circle were 
put in poaitioD, bat the equatorial was not mounted until Jooe of the fol- 
lowing year. Quetelet was anxioas to have tbe tDroiug-clome for the 
equatorial ready in time to observe Halley's comet, the return of which 
was looked for with great interest by all Europe, but in spite of aU bis 
efTorts, .ind the good-will of tbe government, he was disappointed, and 
WHS obliged to follow the coarse of this eccentric wauderer with only hia 
telescope. 

The determination of the difference of longitude between the observato- 
ries of Brussels and Oreeowioh was later a sonrce of great anxiety as well 
as interest to him, when, in 1S53, a trial was made of the new electrical 
telegraph for this purpose. Two successful attempts of the kind had 
been made in America, bat tbe distance between the two places, the in- 
tervention of the sea, the great reputation of the director of the obser- 
vatory of Greenwich, and tbe responsibility assumed before the world, 
rendered Quetelet very solicitous as to the result of his co-operation, and 
bis anxiety did not cease until the two sealed packets, containing the ob- 
servations made simultaneously at Greenwich and Brussels, which were 
by common consent opened on the same day in both places, proved the 
result to be entirely satisfactory. A simitar attempt was made in 1868 
between Brussels and Leyden. 

At tlie time the observatory was erected, clocks and watches through- 
out tbe country were I'egulated only by sun-dials, and as these wero often 
defective and liable to get out of order, it frequently happened that there 
wonid be a difference in time of from 20 to 25 minutes between the 
clocks of different towns, and even between those of the same city- Tbe 
establtsbmcnt of railroads necessitated more precision, and on the 22d 
of February, 1836, a royal decree enacted that a meridian should be traced 
and an instrument of observation be established in forty-one of tbe prin- 
cipal cities of the kingdom. Tbe execution of this work was intrusted 
to Quetelet. 

From 1841 to 1845 the observatory of Brussels was the center of a 
vast meteorological net- work, which comprised more than eighty stations 
in Europe and in the north of Asia. Its director published the resalis 
of this great enterprise, with a large number of plates, showing tbe 
course and rapidity of the movements of the atmospheric waves. He also 
made many observations upon tbe temperature of the earth, and an an- 
interrnpted series of observations of the elements of terrestrial magnet- 
ism. But, perhaps, the most remarkable works of Quetelet were the 
papers he published on his observations of the periodical phenomena of 
plants and animals. These gave an impulse to similar stadies through- 
out the whole of Europe, and be may on this account be considered as 
the founder of a new science. 

As a class for tbe study of the fine arts had been added to the 
academy, and other changes made, it was deemed adviaable to ftrrm a 
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Dew institution, and on the IGth of December, 1S45, was established The 
Royal Academy of Science, Letters, and Fine Arts of BrusteU. Tbe first com- 
maiiicatioD made by (juetelet to the new establishment was upon the 
bistory of art in Belgium; the manners and customs of the people at 
diflcrent agea; their babitations, ornaments, faroiture, the instrumeuts 
they nsed to supply the needs of life, &c. He recommended the forma- 
tion of an ethnological museum to assist in the study of various tyiiea 
of the human race as well as of their habits, and in 1S47, through his 
iustramentality, was formed the Masenm of Antiquities of Belgium. 

In 1853 Qnetelet was appointed president of the maritime conference 
held at Brosaels on the suggestions of Lienteuant (afterward Captain) 
Uaory. Its purpose was to establish a system of uniform observations 
at sea. 

Tbe regular astronomical observations of the Brussels Observatory 
commeDced iu 1836, although the small corps of the establishment, and 
the attention given to meteorological observations, did not permit of a 
great field of work. The observations made from 1837 to 1839 furnish 
in the Annals of the Obsei'vatory a catalogue of 606 stars. From 1848 
these observations were carried on with renewed ardor; bat all the 
regularity Qaetelet desired could not be secured until 1857. From this 
year a great work has been continued up to the present day. We refer 
to the catalogue of 10,000 stars, still iu preparation, but which will soon 
be published, completing the monument raised to astronomical science 
by Adolphe Qnetelet, and his son M. Earnest Quetelet, who during 
nearly eighteen years has shared the work of tbe observatory, and whose 
labors hare not been interrupted by his father's death. 

Adolphe Qnetelet contributed greatly to the progress of the study of 
shooting-stars, aboTit tbe nature of which little was then known. Eis 
attention was first tnrned to them in 1810, when he wrote his thesis upon 
the origD of aerolites, and a few years later, he gave, in the first number 
of tbe Correspondance, a method for determining the height of a meteor - 
from two observations in difi'erent places. In 1826 simultaneous obser- 
vatious were organized by his efforts at Brussels, Gaud, and Liege. He 
then abandout'd the subject, and did not take it up again until ten years 
later, when he resumed his observations, and continued them for the 
rest of his life. He first called attention to the periodicity of the star- 
showers of the 10th of August, and stimulated astronomers of hisown and 
other countries to make numerous observations, which, taken together, 
have prepared the way for the remarkable theories now formed as to 
the character of these interesting met«ors> We are indebted to him for 
very valuable catalogues of their appearances, and also for conscientious 
and precise researches on their frequency and on the several peculiari- 
ties they present. 

1%e direction of the establishment confided to his care did not hindei 

him from devoting himself to studies of another order, which show the 

variety of his powers and tbe habitual industry of his life. We refer 

to the statistical works, which obtained for him a high place in tbe world 

12 S 



178 EULOGY ON QDETELET. 

of science. His first memoir upon this anbject, The lawi of birth and 
mortality in Brtaselt, was read before the academy on the 4th of Juae, 
1S25. "Tbe estiiblishment of.life-insnraDce compauies in our prov- 
inces," says the author, " and the desire to see these laudable and, if 
Trell conducted, benevolent institutions contiuued amoog as has induced 
tne to make some researches into the laws of birth and of mortality." 

After showing that during the preceding year the births and the 
deaths had followed almost exactly iu the same proportiou the varia- 
tions of the thermometer, only iu contrary directions, he gives some 
tables of mortality and population, with distinctioD of sex, and shows 
how they might be made of use in the speculations of the life-insurance 
companies. Two important remarks appear in the memoir. One, that 
the anunal nnmber of births and of deaths corresponds to a sinusoid, of 
which the abscissas represent the different times of the year, aud the 
ordinates the number of births or of deaths at these seasons. The 
other verifies the observation of Malthas, that the number of births 
increases when through any accidental cause an unusual loss of life has 
been sustained by a population. Another memoir, in 1827, upou the 
births, deaths, prisons, and poor-houses of the Pays-Bas, was intended 
to comple^« and develop the preceding. It contained another table of 
mortality for the lower provinces, but without distinction of ses. 
Researches upon population nest appeared, and iu 1828 Statistical re- 
searches in the kingdom of tlie XetherlanAs. Iu the importance of the facts 
given, in breadth of view and novelty of deduction, this memoir is 
superior to the two preceding. A short introduction gives the origin, 
aim, resources, and use of statistics, tbe degree of probability which 
may bo obtained iu deductions from them, the nnccrtaiuty, which can 
never be entirely overcome, aud the objections of ignorance and false 
knowledge. The author divides tbe subject as follows : Extent of the 
kingdom of the Netherlands ; population ; imposts and commerce ; 
libraries and daily papers; educational aud benevolent institutions; 
crimes and delinquencies; comparative examination of the diSereat 
parts of the kingdom. Some of the results obtained are very striking. 
Tlius, in comparing the fecandity of marriage with ns aud with the 
English, he says : " Great Britaiu produces less than our countrj', but 
her fruit is more durable. She gives birth to fewer citizeus, but she pre- 
ser%'es them better. If her fecundity is less, her useful men are more 
numerous, and generations are not as otten renewed to the detriment of 
the nation. Man during his early years lives at the expense of society. 
He contracts a debt which he ought some time to pay,and if be fails to do 
so, his existence has been a loss instead of a gain to his fellow-citizeus." 

Speaking of criminals aud delinquents, he says: "The proportion 
condemned to the number accused in the criminal and police courts is 
the same in Belgium aod in France; but in the courts of assize the 
proportion of the coodcmDed to the accused in Belgium is 84 to 100, 
while in France and England it is only 65 ; a fact due to the want of 
the jury in Belgium at tbe tjme the observations were made. When that 
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institution was restored, tbe nnmber of the coDdemned wan reduced to 
tbat of France. Ttie author then gives a table indicating tbe number 
of crimes conintitted at different ages, and also giving tbe amount of 
what he calls the tendency to crime. 

" What is very remarkable," be observes, " is the frightfiil regularity 
with which crimes are repeated. Year after year are recorded the same 
crimes, in the same order, with the same pnnisliments; in the same pro- 
portions. Sorrowful condition of the bumitn race! The number coei- 
demoed to tbe prison, irons, and the scaffold is as certain as tbe revenue 
of the state. We can tell in advance how many individuals will poison 
their fellows, bow many will staia their hands with human blood, how 
many wilt be forgers, as surely as we cau predict the number of births 
and of deaths. 

During the years 183L and 1832 Qnetelet devoted most of his time to. 
statistical researches, and the five following memoirs were tbe fruit of' 
his labors: Upon the lato of the growth of man; Upon the tendency to- 
crime at different ages; Upon the weight of man at different ages; Upon^ 
reproduction and mortality; and Statistics of the courts of justice of Belgium: 
from the years 1820 to 1831. The researches in reganl to the size and. 
weight of man were new at the time. Quetelet found that the law of 
growth, at least from birth nntil the thirteenth year, could be repre- 
sented by a hyperbola. Twenty years Inter MM. Bravais and Martins, 
adopted a hyperbola as the curA'e of tbe diametrical increase of the^ 
Norway pine, which is at least a singular coincidence. In the memoir- 
n{K>n the tendency to crime, he enlarges upon tbe ideas already given, 
passes in review the di&erent causes which lead to tbe development or- 
snppressioo of this tendency, and denies the favorable influence ordi: 
narilj attributed to education. "We tco often," be says, "confound, 
moral instniction with tbe merely learning to read and write, which in 
many instances only provides new instruments for tbe commission of 
crime. On the other hand, as to tbe injurious moral effects of poverty,, 
some of the provinces of France reputed to be poorest are also the- 
most virtuous. 

In oonuection with these two memoirs he says: "Man, without know- 
ing it, and supposing tbat he acts of bis own free will, is governed by 
certain laws from which he cannot escape. We may say tbat tbe human' 
species, considered as a whole, belongs to the order of physical plieuom- 
eua. The greater the number, the more the individual will is subordi. 
Dated to tbe series of general results which proceed from general causes- 
that control the social condition. These causes ought to be sought out, . 
and only observation can discover tbem." Man, as tbe author considers; 
him, ia analogous to the center of gravity in a body. "If tbe average 
man were determined for a nation, he would represent tbe tyi>e of that 
nation ; if be could be determined for uu assembly of all men, be would 
represent tbe type of an entire hnman species. Although his will is 
restrained within very narrow limits, man contains within him moral 
forces which distinguish him from tbe animal, and by which he cau, to 
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some extent, modify the laws of uatare. Tbese pertarbing forces act so 
slowly that the modifications they produce may be called secalar per- 
tarbations, since they are analogous to those astroDomieal variations in 
the systems of the world which require centuries for their iuvestiga- 
tioD. The study of the uatnral and perturbing forces of man, in other 
words, social mechanics, would develop laws as admirable as those which 
govern celestial and inanimate bodies. As to the accusation of materi- 
alism, to which tbese results are said to lead, it has been made so ofleu 
whenever scieuce has essayed a new step iuto the nuknowa regions of 
nature, that it is not worth while to answer it ; especially at tbe pres- 
ent day, when it can no longer be followed by the rack or imprison- 
ment. Who can justly accuse \\s of insulting tbe Divinity, when we 
exercise the most noble faculties He has given us in meditating upon 
the suhlime laws of tbe universe, or in endeavoring to make manifest 
the admirable economy and infinite wisdom which presided over their 
formation t Or who can regard with indifference the sciences which 
have substituted for the narrow, insignificant world of the ancients, our 
magnificent solar system, and so extended our starry vault that we can- 
not attempt to fathom its depths without a feeUug of religious awel 
Certainly a knowledge of the marvelous laws which govern the universe 
gives a much grander idea of the power of tbe Divinity than that which 
blind superstition would impose upon us. If the material pride of man 
is humbled by tbe thought of the small space he occupies even upon 
tbe grain of dust be calls his world, how much he should rejoice in bis 
tatelligence, which allows bim to penetrate so far into the secrets of tbe 
heavens. If science has advanced thus in the study of worlds, may we 
not look for equal progress in the study of man t la it not absurd to 
sappose that, while all else is controlled by admirable laws, the human 
race alone is abandoned to blind chance, and possesses no principle of 
conservation t Such a belief is surely more injorions to the Divinity 
than the research we propose. 

In 1832-'33 appeared an article "Upon the po*»ibility of measitring the 
injluence of ike causes v>hich modify social elements^ and one " Upon the 
influence of the seasons upon Ote faculties of mauJ' As soon as Quetelet 
obtained a new result be hastened to make it known, often before bis 
idea was sufficiently matured or the fact at all certain, which accounts 
tbr the repetition in his articles. This mode of working has some ad- 
vantages ; it excites interest and parallel efforts, but it occasions loss of 
time, and renders the co-ordination of the researches more difficult. lu 
1)^ appeared the admirable work, "Man and the development of his 
faeuUieHJ" or, "jln essay upon social physics." It is a review of all his 
previous works on statistics; "a sketch," he calls it, "of a vastiHcture, 
the details of which can only be supplied by patient investigation." It 
!s divided iuto fonr volumes : the first two are devoted to tbe physical 
qualities of man, the third to his moral and intellectual qualities, and 
tbe fourth treats of the properties of the average man, and of the social 
system. The author considers, first, the determination of the average 
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roan in general; second, with respect to physical qualitiea. He then 
proceeds to exiimine nil that relates to the life of man ; bis birtb, death, 
strength, height, agility, &c. We give some extracts: "The apprecia- • 
tioD of the physical qualities of the average man is by no means difficnit, 
either when measured directly or through their effects ; it ia quite other- 
-wiae with the moral and intellectual qualities, though they also, to some 
extent, may be judged of through the effects they produce." "Man pos- 
sesses at his birtb the germ of all the qnalities which are successi\'ely 
developed, to a greater or less degree ; prudence predominates in one, 
imagination in another, avarice in a third. Wo sometimes observe great 
uzeiu proportion to age, or a precocioasimagination,orannsual vigorin 
old age, and the fact alone that we notice these exceptional cases proves 
that n-e are conscious of a general law of development, and even make 
nseof itto form our judgment." The author successively considers the 
average man, first, with reference to letters and the fine arts; second, in 
relation to the medical or natural sciences. "The consideration of the 
average man," be says, " is so important in medical science that it is almost 
impossibletojudgeof the condition of an individual without comparing 
it with that of a fictitious being, supposed to be in the normal state; 
in fkctjtheaverage man we have been considering." Third, iu relation to 
philosophy and morals ; and, fourth, in relation to politics. It is quit« 
curious to see bow he regards political systems. He is opposed to. 
the system which cousists, when there are two dominant ideas in a 
country, in taking a kind of mean between the two, but would found 
a system upon the elements common to all parties ; or, where there was 
divergence, npon the ideas held by the largest number. " Govern- 
ments," he says, "hare their states of equilibrium, which may be either 
stable or unstable. The stable equilibrium exists when, alter action 
and reaction of every kind, a government constantly returns to its nor- 
mal condition. If, on tbe contrary, from any canse whatever, a govern- 
ment tends to diverge more and more from its normal condition, chang- 
ing constantly, without sufficient motive, its form and institutions, its 
end is near. Revolutions are only the reactions of the people, or a 
party, against abuses, real or supposed, and would not take place if the 
provocation did not exist The liberty of the press, singularly enough, 
by facilitating these reactions, renders great revolutions almost impos- 
sible, for it does not allow forces to accumulate. The reaction is mani- 
fested immediately after the action, sometimes almost before the action 
has time to propagate itself." This essay gave its author a high place 
in tbe scientific world. It was translated iuto both English and German. 
We have not space to notice other papers upon stati.>itics, which appeared 
in 1$15-'4G-'4S. He was happy in his application of mathematics to sta- 
tistical questions. lie formulated the now well-known biaomiat theorem, 
and insisted, more especially in his last years, on its remarkable gener- 
ality. He organized tbe first statistical congress, which was held in Brns- 
sels in 1853j and was appointed its president. He was also president of 
the commission of statistics of the kingdom of Belgium. On account 
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of his works on social statistics be was innde, in 1872, an associate of tbe 
section of moral and political sciences of the lustitate of France. Ue 
bad loug been a correspouding member of tbis academy. 

Ho was a meml»er of the Royal Acjidemy of Belgium, as we have said, 
from 1830, and held the prcsideDcy of tbis learned body from 18^2 to 
18^, and then succeeded M. Dewez as i>erpetual secretarj* of its three 
divisiouB. science, literature, and the fine arts. Wc have been able to 
notice only a few of tbe memoirs inserted in tbe publications of the 
academy. The bulletiu» of each seance are, so to speak, crowded with bis 
articles. One can see, by their inspection, with what care he registered 
all the remarkable phenomena wliich presented themselves during bis 
long career. Thanks especially to him, they, as wellaa tbe AnnuatVesaud 
^.tinafesof the Observatory, will always be consulted with profit by those 
who wish closely to study tbe aurora borealis, sbooting-stnrs, bolides, 
storms, earthquakes, and such pbenomena, upon which attention is 
drawn so strongly at the present time, and of which, for tbe most part, 
a complete theory has not yet t>een formed. The correspondence which 
Qnetelet had with the official beads of science in difl'erent couutrjca 
contributed greatly to extend the relatione of the academy, and to enrich 
its bulletins. 

The revolution of 1848 was not a sarprise to Qnetelet; be foresaw that 
. the opposition of Louis Philippe to reforms, not in themselves to be feared, 
would cause somo such catastrophe, but be did not anticipate the effect 
it would produce all over Europe. His attention, of course, at such a 
time was turned to politics, and in tbe month of March he presented to 
the academy a paper upon the nature of constitutional states, and some 
principles which may be derived from the consideration of them. Sev- 
eral other articles were also written by him on political subjects. We 
know that while other governments were falling, Belgium remained 
intact, and while distress and terror were reigning elsewhere, she pre- 
pared to celebrate the anniversary of her independence. Tbe/e/« in 
honor of the occasion was organize] by Qnetelet as bead of tbe artistic 
aad literary circle, and never was a more brilliant entertainment given 
in Brussels. It evinced not only the good taste of Qnetelet, but the 
extent of bis influence. 

As to tbe private life of Qnetelet, we have said that in 1825 be mar- 
ried Mademoiselle Crulet, niece of Professor Van Mens. Two children, 
a boy and a girl, were the fruit of this union. His mother and a young 
half-sistor, who married an artist, M. Madou, formed the rest of his 
household. Tbe children were educated at home. Madame Qnetelet 
herself taught them to read, and they bad a master for writing. Every 
Sunday a few friends were invited to dinner, and in the evening the 
house was open to visitors. There were conversation, music, and cha- 
rades. The latter were in great favor, and Quetelet himself often took 
part in them. Those who knew Qnetelet only through bis works, or 
when enfeebled by age and disease, can have no idea of his gayety, 
wit, and conliality. He rt"»ro..<Thly eiyoyed a laugh, and Eabelais was 
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almost as mnch of a favorite with him as Pascal, His conversation was 
admirable, bright, merr>', witty, condescending to the most trivial as 
well OS embracing the most extended snbjects in letters, science, and 
art It was marked occaeionally by a vein of severity, which, however, 
never wounded any one, and only served to bring into stronger relief 
the amiable traits of his character. He possessed the very rare faculty 
of knowing when to listen, and always managed to make his guests feel 
at ease. As the years passed, he attained more and more a position of 
distinction. The husband of his sister became a painter of eminence; 
bis daughter married a promising young artist, and his son, one Df the 
best pupils of the military school, quitted the engineer corps of the 
army, when he had attained the rank of lieutenant, to enter the observ- 
atory. Death soon deprived him of his mother, whom he loved tenderly, 
but bis wife remained his companion for thirty years. 

Id tbe last years of his life, when his age warned him in vain to take 
repose, be undertook a series of works which he iuteuded to be an 
epitome of the labor of his life. In 1864 appeared "TA« History of 
Mathematical and Physical Science in Belgium ;" in 1866, "Mathematical 
and Physical Science in Belgium, from the Commencement of the Nineteenth 
Century;^ iu 1867, "TAe Meteorology of Belgium, compared with that of 
the World ; " in 1869, " Social Pkysicn, or an Essay upon the Development of 
the Faculties of Man ; " in 1870, "Anthropometry, or Measure of the Fac- 
ultiea of ManJ' If death had not overtaken him he would have com- 
pleted the series by a new edition of his "Physics of the Globe," pub- 
lished in 1861, and by a treatise on astronomy. 

We will not attempt to enumerate the learned societies of which 
Quetelet was a member; the list would be too long. He was elected 
an associate of the Boyal Astronomical Society on January II, 1828. 

Notwithstanding the numerous occupations which claimed every mo- 
ment of bis time, Quetelet always gave the kindest reception to those 
who wished to speak with him on subjects connected with his studies. 
He could discern and would encourage merit, and many learned nicu 
will remember the support they received from him, iu the commence- 
ment of their career, with feelings of profound gratitude. 

Eighteen months before his death he undertook the fatiguing journey 
to St. Petersburg, at tbo pressing invitation of the Grand Duke Oonstau- 
tine, under whose auspices the statistical congress bad been called. 
Neither the fear or cholera nor the entreaties of his friends deterred 
bim. He was ninch gratified by the reception given him, nnd appeared 
to have been benefited in health by the journey. On Monday, the 2d of 
Fcbmary, he fulfilled exactly his duties as secretary of the academy, 
although sufieringfrom the disease of the luugs of which he died fifteen 
days later. And he also assisted at the session of the class of letters. 
He diod on the 17th of Febniary, 1874, and Belgium deplored her great- 
est scientific lumiuary. The '* academy" was the last word on Lis lips as 
be Kiuk into unconsciousness. 
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EULOGY ON ARTHUR AUGUSTE DELA RIVE. 



Br U . DOMdis, P«mt«n«nl Secretarg. 

ProuonDced hefon the Academf of Sciencee of the FrCDob luetitnte on the SStli of 

December, 1874. 



Gentlkmi»i : One year ago the Academy of Scieocee received wltb 
profound sorrow the nnexpected annoaucemeot of the death of one of 
its eight foreign associates, M. Anguste De La BiTe. The rare talents 
of this emineut physicist, bis warm heart, and high moral character, 
won for him in his native city anivecBal afTeotion. Geneva moarned for 
him with deep and sincere regret, for sbo lost in him an eminent philoso- 
pher and professor, who added to the renown of her justly-celebrated 
academy ; a citizen whose loyalty had frequently been tested in times 
of trouble ; and a useful member of society, whose generous hospitality 
delighted in gathering aronnd his fireside representatives of the scieoce, 
art, letters, and politics of all nations. 

But Geneva was not alone in her,grief. The services of M. Augusts 
De La Rive were sach as the whole world recognizes, and of which 
posterity cherishes the memory. France, at least, cannot forget that 
if in time of prosperity she found in him always a faithful and provident 
friend, whose solicitude for her reputation seemed sometimes almost chi- 
merical, she was none the less sure of his active sympathy in days of 
misfortune. When Switzerland opened her heart to onr soldiers, who, 
betrayed by fortune and decimated by the sword, cold and banger, had 
retreated to the snows of the Jura, Auguste De La Eive and his associates 
broughtto them succorand consolation; not uumiudfultbat our two races, 
united by an old friendship, had often mingled their blood under the 
same flag. 

It was not only to the illustrious physicist that his native city rendered 
the homage in which we this day unite. To the happy gifts bestoived by 
nature was added the prestige of an ancient and honorable name. The 
family of De La Eive may be traced back to Eipa de Mondovi, and is, in 
fact, one of those in which is personified the bistmy of Geneva. From 
the twelfth century, for more than four hundred years, it is found in the 
first rank of the government archives of the city ; from the fourteenth 
century, it includes a judge of Piedmont; a lieutenant of police, op- 
posed to the Reformation, and exiled from Geneva for having advocated 
in secret the Catholic religion ; a plenipotentiary, charged with demand- 
ing of Henry IV, in favor of the Genevese, certain privileges which were 
only granted by royal patents; an envoy of the cautoti, sent to Louis 
XIY, when asylum was given by the small republic to the refagees who 
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had beeD driven oot of France by tbe revocation of theedict of Xautes; 
and, in tbe last century, tliree generals, one in the service of the Tarks, 
another in Ilollaod, and a third in Sardinia. Up to tbis time there is 
DO appearance of a scieutiBc tendeuc; among the membera of tbis fam- 
ily, so rich in every other line of personal dislinctioD, probably because 
the public mind was not turned in that direction ; but toward the end of 
tbe last century, we see them attaining in science tbe same high )k>- 
sition they held in public afl'airs. Tbe mother of tbe illnstrionshtstoriaa 
of the Alps, De Saussure, belonged to the family of La Kive, and also 
the wife of the learned philosopher, Charles Bounet; both of whom, 
tradttioQ says, exercised great influence, the one over her son, tbe other 
over her hasbaod. lu fact, the history of the family from the beginning 
of the present century would give not only that of the country, but 
also tbe most interesting chapters in contemporary science. 

Charles Gaspard De La Hive, father of our lamented associate, was 
the first savant of tbe name. Bis works form, with those of his sod, an 
indivisible whole. Destined for tbe magistracy, he pursued his law- 
studies nutil, iu 1794, Geneva suffered a deplorable repetition of tbe 
French revolntion. He took an active part in resisting the iusurgeu ts, 
and was imprisoned and condemned to death by the revolutionary 
tribunal. Thanks to tbe esertions of bis friends, be escaped, took refuge 
iu England, and went to Edinburgh to study me^licine. His mother was 
very much opposed to his adopting this profession, as she considered it 
beneath the dignity of the family. She refused to pardon him for pur- 
suing a coarse contrary to her wishes, and, as she forbade his return to 
his native land, he remained in exile long after tbe decree of amnesty 
allowed his appearance in Geneva. That he should have regarded such 
an unjust prohibition, caused by what seems to us a strange and unrea- 
sonable prejudice against an honorable profession, is very remarkable ^ 
but it must be remembered that in Geneva, at that time, aristocratic 
feelings largely prevailed, and public and private education, iu spite of 
Bousseau, was based upon the iucnicatiou of eutire submission on tbe 
part of a child to tbe absolute authority of the parent. 

Un bis return to bis country, Gaspard De I^ Rive devoted himself 
with diligence to such studies as were necessary to fit him for the chair 
of chemistry, and through the liberal character of bis mind, which was 
open to the widest generalizations cf science, was led to the investiga- 
tion of the electrical forces, to take part iu the grand reform iu natural 
philosophy theu occupying the attention of France, and to lay the 
foundation for the future course of his illustrious son. If, in the history 
of science, the De La Uives may not be placed iu exactly the same rank 
as Oersted, Ampere, Arago, and Faraday, whose labors they shared, 
certainly they cannot be widely sepsirated from them. Tbe united 
efforts of this brilliant pleiad of physicists, which includes M. Becquerel 
as a later and none tbe less distiuguished representative, have added 
to civilization a knowledge of forces which are now iudispensabte to 
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industry and commerce, and of which, alas, the fury of war lias 
increased the importance. How the applications of these agents, the 
discoveries of peace-loving men, have been perverted I How the rapid 
telegram from the cabinet of the statesman inflames at will the passions 
of the people! How electricity, at the command of a distant engineer, 
explodes the torpedo which violently disturbs the sea, or flres the mine 
which rends the earth like a volcano, extending on every side devasta- 
tion and death I 

Gaspard De La Kive was a successful expounder of chemistry, and 
taught its principles with deamess and simplicity. His numerous and 
choice experiments rendered his instruction interesting and valuable 
not only to the students who desired merely a theoretical knowledge of 
the subject, bat also to the industrial classes, who sought to make prac- 
tical application of the information obtained. He proposed to make 
chemistry a part of the curriculum of a liberal education, and be suc- 
ceeded in attracting, by the eclat of his experiments, students of all 
classes, whom he afterward retiiined by directing their minds from 
these lower objects to the beauty and precision of the higher concep- 
tions of natural philosophy. So one contributed more to popularizing 
the atomic theory of Dajton, which he considered a most happy hypoth- 
esis. Having studied in England, he retained a taste for large appara- 
tus, in which his fortune allowed him to indulge ; his voltaic batteries 
were without a rival on the continent. But while his laboratory was 
English, the constitution of bis mind, on the contrary, led him to adopt 
the ideas of Lavoisier and the doctrines of the French Academy. 

Bis countryman and friend, Dr. Marcet, a chemist of distinction, liv- 
ing in London, came to pass a winter in Switzerland. He could not 
endure this preference for the school of Paris, and endeavored to coc- 
vert the select audience Gaspard De La Kive collected about him to the 
ideas of the London school, especially to those of Davy, whose renowa 
at that time was worid-wide. The pupils of the chemical course had, 
therefore, the singular good fortune of having two professors, each of 
whom discoursed in turn upon the same subject, explaining the views to 
which he gave thopreference. Thetwo teachers, stimulated by opposition, 
gradually advanced from the ordinary conventional and classic grounds 
of instruction to heights where definite thought commences to waver 
into nebulous specnlation. These lectures, which amounted to academic 
sessions, awakened the curiosity and excited the enthusiasm of the audi- 
ence, who, while divided in opinion, were always united in praise of the 
ardor and mental activity of the two friends. 

Gaspard De La Bive was affable, benevolent, paternal, and good- 
humored. His joy in the success of a well-conducted exx>erimflnt, bis 
satisfuctiou wbeu he felt himself understood, was indicated in every 
lineament of his expressive countenance ; ami, after listening to the good 
man, his auditors were surprised to find that, although his discourse 
had been entirely of chemistry, they felt themselves better, as well as 
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knew tbemselvee wiser, from the oympatb; awakened by the glow of his 
lecture. Besides, uo one could be indifferent to tbe moral example dis- 
plajed by this, the (lr«t Bytidic, the chief of state, tbe iHissessor of a 
large patrimonial fortune, who wiis tbiiB laborious in the disttharj^e of n 
daily duty, without other motive than tbe love of science — lor uo other 
rpcompeuse than the respect accorded to noble and unselUsh conduct. 
Those favorites of fortune vho pass their days in tbe pursuit of idle 
pleasuii?, have uo idea of the rational enjoyment to be derived from the 
pursuit of knowledge or the disinterested iustrnction of youth. Were 
an entire aristocracy similarly disposed, leading its followers through 
the learning of ancient times and the science of the present, what cou- 
qaests would be made iu tbe domains of intelligence; conquests which 
would necessitate no violation of right nor infliction of wrong, would 
bring loss or distress to none, but benefit to all. 

During the loug wars of tbe revolution and of the empire, Geneva 
rendered great service to the scientific world by the publication of a 
review which her extended commercial relations and tbe cosmopolitan 
habita of her people supplied with abundant information upon all sub- 
jects, and which was edited by a distinguished physicist, M. Pictet, 
under the title Bibliotheqae Britannique. It was by means of this perioil- 
ical that tbe works of the English scientists became known over tbe 
continent; and through the personal influence of tbe eminent men who 
assisted in its compilation, it retained loug after peace was established 
tbe monopoly of tbe earliest foreign intelligence. In its pages Arago, 
who was on a visit to Genevji, in 1820, first learned of the great discovery 
of Oersted, tbe action exerted by the electric current of tbe voltaic pile 
upon the magnetic needle. At that tiue it was known that two sub- 
stances could act upon each other, combining and producing changes in 
their properties, exhibiting phenomena which constitute an essential part 
of chemistry, but uo one bad everseeu what was then called an impon- 
derable fluid act upon another. Light produced no eflect upon beat, and 
neither acted upon electricity. Oersted, however, announced that elec- 
tricity could be made to act upon magnetism. A new science, with the 
most remarkable practical applications, of which the electric telegraph 
is only one example, was developed from this fruitful germ. All who 
assisted in establishing the genuineness of this wonderful discovery 
were greatly impressed by it, and no one felt inclined to contradict the 
grave comment of Pierre Provost, the author of the theory of the un- 
stable equilibrium of radiant beat : Novus rerum nascitur ordo. 

Arago, on his return to Paris, thus speaks of tbe event : " Professor 
De La Eire, of Geiieva, who has himself discovered many carious phe- 
nomena with tbe iKtwerful battery in his jwssession, allowed me to wit- 
ness his verification of tbe experiuieuts of M. Oersted before MM. 
Provost, Pictet, Th. de Saussure, Mareet, do Candolle, &e., and I was 
entirely convinced of the accuracy of the principal facts stated by the 
Danish philosopher." I am, I believe, the sole survivor of this histor- 
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ical scene, in ntaicb I took part as one of tbe et catera of Arago, and I 
shall aev«r forget tbe powerful impression produced ti[>oa tbose who 
were present. Nearly all came with the couvictiou that Oersted was 
tbe dupe of some illusion; but they saw the magnetic needle obey tbe 
iiction of the electric current, move in one directioo when tbe conduct- 
Ing-wire of the battery was placed above it, and iu tbe contrary direc- 
tion when placed bolow it, and were convinced that these eOects coold 
be attribnted to no external agitation, since they were produced in the 
TacDum of tbe air-pamp, as well as id the open air, and ceased wbea a 
slip of wood was substituted for tbe magnetic needle. 

Ampere, in Paris, entered upon tbe investigation of this pbenomeDon 
with great enthusiasm, and having, by dint of earnest and persevering 
thonght, arrived at general conceptious, be deduced from these infer- 
ences, which he immediately proceed to verify by actual experiments, 
employing for the purpose all the resources of practical mechanics. The 
discoveries that followed week after week in rapid succession excited 
tbe unbounded admiration of Gaspord De La Bive, and no sooner had 
the Academy of Sciences of Paris announced some new inference of 
Ampere than tbe watchmaking establishments of Geneva, under the 
direction of De La Rive, constructed the delicate apparatus conceived 
by the illustrious French physicist to verify bis deductions, and varied 
tbe form so as to bring it within the means of the smallest laboratory. 
If in this De La Bive was animated solely by a love of science, he was 
amply rewarded. 

Auguste De La Bive, excited first by sympathy with his father, and 
afterward by individual interest iu the new facts brought to light, deter- 
mined to devote his life to tbe study of electricity. Born on the 9th of 
October, 1801, he was at tbe time of these researches a student in tbe uoi- 
versity, but shortly after prepared resolutely and with success to compete 
for the chair of general physics left vacant by Pierre Provost. Only twen- 
ty-one years of age,and asptringto take the place of a professor well known 
throughout Europe, be was obliged to face a jury composed of sixty-six 
judges, that is to say, of all the professors of tbeacademy, and all tbe mem- 
bers of the venerable company intrusted with thedirection of theecclesiaa- 
tical afi'airs of Geneva. The academy was at that time a powerful cor- 
poration. Closely united with the church, it was considered the first 
educational establishment, and held control over all the other schools 
of tbe canton. It constituted a state withiu tbe state, and extended 
its jurisdiction even to politics aud tbe affairs of tbe republic The 
authority with which it was invested was founded upon traditional laws, 
and its i'uuctions were highly respected. Its professors, select men, 
were all capable of serious work aud prolonged application. Very 
jworly remunerated for their services, tbeir exi)euse3 far exceeded their 
emoluments, but they valued the prestige of a professorship, a truly 
magisterial office, much more tbau its material profits. Tbe bigli 
character of the |K>liticiLl instruction attracted to the academy the rich 
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and Doble families of tbo conntry, and tlie UBto for letters and scieDce 
it promoted, witli the liabit of devotion to their culture, •was transmitted 
from generatioa to generation, enabling the school of Geueva to mnin< 
tain a high position among the most renowned nuivorsitles of Europe. 
It was a Bonrce of intellectual activity, and a ceuter of light, such as 
is sapported only by great effort in countries of much larger esteot tbaa 
Switzerland. 

As soon as the discovery of Oersted was annonnced. Ampere offered 
the following explanation : The fVictional electricity, or that developed 
by rubbing glass, long known, is a Quid in repose, and constitates stat- 
ical eleotricitj-. The electricity of the voltaic pile is this same fluid ia 
motion in the direction of the axis of the conductors, and this is dynam- 
ical electricity. Again, this same fluid circulating around the molecules 
of a bar of iron or steel, in a plane pcri)endicular to the axis which 
naited the two estremities, is magnetism. To give a material illustration 
of these forces, the water which moistens the surface of a solid body 
may represent statical electricity, the water which flows through an 
aqaednct dynamical electncity, and that which passes iu tbe turns of 
an Archimedian screw, magnetism. 

On the 4th of September, 1820, Arago annonnced to the French 
Academy the facts whose couflrmatioa he bad witnessed at Geneva, 
and on the 25th of the same month Ampere read bis valuable memoir, 
which alone would have given bis name one of the highest places iu th« 
history of science. His theory of tbe principles of electro- magnetism 
was foandod upon his ftindamental experiment that two voltaic currents 
in tbe same direction attract each other, and, on the contrary, repel each 
other when tbcy are in opposite directions — a phenomenon he had fore- 
seen and predicted as a result of bis a priori conception. To this strik 
ing proof of the truth of bis theory he soon added another. He imitated 
a magnet by passing a voltaic current through a metal wire coiled into 
A spiral, and suspended freely iu a vertical plane. This spiral was 
oSeeteA by the action of the earth like the magnetic needle, which 
Ampere explained by snpposing that tbe lower parts of tbe wire, that 
is, those nearest the earth, controlled the whole. This experiment was 
also exhibited in its simplest form by suspending a rectangular wire so 
that it could move freely. "When a voltaic current was passed through 
this, it arranged itself at right angles to the direction of the magnetic 
needle. Now Gaspard De La Bive removed the lower horizontal part, 
and the remainder of the wire was as much affected by the terrestrial 
influence as when the rectangle was complete. 

The explanation of Ampjtre was thus shown to be incorrect, and his 
theory for a time lost its beat support. His slate of mind under tbe 
influence of this disappointment bordered on derangement. When alone, 
he passed boor after hour in profound meditation ; and when with bis 
Gimily, porsned the avocations of life in a sort of somnambulism, obliv- 
ious of everything around him. At leng:b, however, in a moment of 
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inspiration, the trnth dawned npOD bini,aDd delivered him from this state 
of distraction. Ho caught sight of the proper solution of the problem, 
and iu the experimeDtal veriGcatiou of this, Augnste De LaBive came to 
bis aid, and by his ready inveutiou reduced the plieuomeuou to its 
simplest elements. He removed one by one tbe sides of the rectangle, 
and reduced it at last to a single vertical wire, freely suspended, which, 
when the voltaic current passed tbrongh it, was ns sensible to the action 
of the earth as the entire rectangle. These delicate experiments so in- 
terested Ampere that ho came from Paria to Prfeinge, the countiy res- 
ideuce of De La Rive, to witness them, and to perfect the explanation to 
which he had given so much thought. 

Tbe memoir of the yoang [fhysicist on the subject contains not only 
the new results be bad obtained, bat also the learned and deeisivo 
formala by which Ampere connected them with his theory, now com- 
plete and triumphant. 

Thus in the very commencement of his career the name of Angoste 
De La Bive wfis assoeinted with one of the most interesting episodes in 
tbedevelopmentof the theory of Ampere, and hisfirstinvestigittiotisplaced 
bim at ouce in the focus to which all the intelligence of the age was 
directed. They not only brought him into relation with Ampere, bat 
prepared the way for the life-long friendship which afterward united 
bim with Faraday, who already, grateful to his father for early recog- 
nition and encouragement under jiecnliar circamstances, was predis- 
posed toregtird him with favor. When Davy n as making his admirable 
investigations in regard to the voltiiio battery, Great Britain and 
France were engaged in a desperate contest. The first class of the 
Institute, however, considering tbe field of science and the pursuit of 
truth above the prejudices occasioned by nn.tional quarrels, awarded to 
the English philosopher the prize offered iu the department of electricity 
by Nai»oleon. Although the countries were theu at open war, Davy 
shortly after received permission to visit Auvergne, iu order to stndy 
the extinct volcanoes of that province, and was also allowed to go to 
Italy and continae his researches on volcanoes in action. In this court- 
eous exception, France set an example eminently worthy to be followed 
by alt civilized nations. The passport Davy received included himself, 
his wife, and one servant. Faraday, eager to acquire knowledge, did 
not hesitate to accept the latter position. The young savant was nuob- 
servcd iu bis new capacity while in Paris, as he did not spestk a word 
of French, but it was quite otherwise at Pr^singe, where Davy remainied 
some time. Gaspard De La Bive, observing his isolation, addressed 
some kind words to him during a hunting excursion. Discovering 
immediately that he was by no means an ordinary servant, an explana- 
tion followed, and he was requested to take the place in the family, at 
the table of bis host, which his true position and talent deserved. 
Davy, however, while he did not object to this arrangement when he 
was absent, insisted that in his presence the subordiuate position 
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aesouied sbould be maintained. Tliis Bimple incidcDt miglit bave 
made but little irapressioD upon Faraday, had it iiot brooght into strong 
contrast the pride of Davy and the afliible cordiality of Giispard De 
La Rive. 

Even geoiuB does not excuse pride or pardon exclusivesesa. Davy, 
satiated with praise and lo:ided with honors, bat lacking the sympathy 
of fais coantrjmen, passed the last years of liis life on the coutiucnt, 
and came to Oeoeva, to terminate sorrowfully, in a foreign country, his 
days of lassitade and ennui; while, on the other band, wbeu Fara<}ay, 
endowed with the modesty which charms and the kindness which 
attracts, approached his end, the savants of the entire world evinced 
their afTection for him; the most eniiuent personages of England testi- 
fied their respect; his death was a source of universal regret, and his 
memory, cherished in all hearts, is still honored at the Royal Institution 
of London, in the amphitheater, the scene of his triumphs, by an aiinual 
and imposing ceremony presided over by the Prince of Wales. What 
a contrast is this I 

As the scientific career of Gaspard De La Rive ended and that of his 
SOD commenced, a new era commenced, fraught with idea-s to enlighten, 
agitate, and even trouble the world. The father had witnessed only 
the prelnde to the great changes which were to tulce place, hnt wel- 
comed with joy the new dawn. The son, after laboring with ardor au<l 
success in the UDveiliug of truth, aC the close of his lil'o contemplated, 
with sadness aa well as pleasure, the nnexpccted consequences of the 
discoveries in which he had taken an active part. 

A half a century ago science, althongb full of promise to those who 
sought to i>enetrate its mysteries, did not appeal to the common mind. 
Its language was little understood even by those who held the destinies 
of nations in their hands. Its demonstrations and discoveries were 
regarded by the public with a careless eye and considered of no impor- 
tance. Soon, however, under its inSuence, rapid vessels, impelled by 
steam, traversed the sea ; railroads crossed the continents; thought cir- 
culated fb>m one hemisphere to another through the electric telegraph ; 
the beet-root of the frozen regions rivaled the sugarcane of the south ; 
gas lighted the streets; fossil remains fertilized arid ground, and the 
colors from coal -oil vied with the fl-esh tints of the flowers ; while the sail- 
ing-vessels lying idle in the ports, the forsaken stage-coach, the deserted 
roads, the laborer deprived of employment, were other but equally forci- 
ble witnesses to the irresistible power of the practical a[)plicatiou of the 
principles which govern the universe. At the same time iron and steel 
were perfected and produced in abundance ; powder and other fnlmi- 
nating substances were rendered manageable ; rude and inefficient 
weapons of war were converted into large and powerful engines of 
destructiou ; and in view of houses in rnius, crops destroyed, and the 
multiplied graves of the dead, it was impossible longer to question the 
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im)>ortaoce of tUose iovestigations and diseoveries which bad once been 
deBpised. 

Agaiu, a netr conceptioD of the universe, bnsed apon the esistence of 
atoms, the latest representatives of matter, and upon the vibrations of 
the ethereal mediain, the latest symbols of force, indaced a certain 
school to revive doctrines which, originating in Greece, were translated 
by Lacretius into harmonious verse in order to convert the volnptaoas 
aristocracy of Rome to the philosophy of Epicurns. The Latin poet ex- 
claims in his antique uatorialism, " He wakes not again who sleeps 
with the dead ; we are only the temporary proprietors of life and not its 
owners. When the body perishes, the soul also is decomposed ; it dis- 
solves as the limbs cramble into dost. The soqI dies entirely with the 
body, and in rain might the earth be mingled with the sea, and the sea 
with the sky, in one frightful tnmalt — nothing can ever awaken it." 

Modern materialism, content with reviving the doctrines of Epicurus 
and Lucretius, considers the world as tlie fortuitous production of the 
arrangement of atoms ; man as the highest development of the natural 
evolution of organic forms ; life as a spontaneous modiflvatiou of force ; 
birth as the commencement of a phenomenon, death as its end. When, 
in the light of this philosophy, justice is only a social convention, coa- 
Bcience the fruit of education ; charity, friendship, love, only varied 
forms of selfishness, those intrusted with the care of human souls should 
acknowledge the terrible power of this contemned science. 

The scientific conceptions of the human mind, of great importance as 
expressions of generalizations, are the result of ideas derived from our 
present understanding of the phenomena of matter and force, but cannot 
be considered as absolute truths. Lavoisier, studying chemical actions, 
the balance in hand, proved, it is true, that in each of these, the weight of 
the substances produced is equal to that of the substances employed. Let 
us accept, then, this discovery as a philosophical triitb : that matt«r has 
weight ; that man has never created nor destroyed anything that has 
weight; in nature, since the universe received its present form, noth- 
ing has been lost, nothing created that has weight ; matter changes its 
place, its aspect, aud condition, but it does not perish. Is it the same in 
regard to force* While always remaining imponderable, will it also be 
variable in its manifestations, perpetual in its activity 1 Man powerless 
to create matter, is he equally unable to produce force t Auguste De La 
Rive has largely assisted in proving that this is thecase, and, in so doing, 
has traced to its highest philosophical consequences one of the most huni- 
ble experimeiita of the laboratory, that of Galvani. Two plates, one of 
zinc the other of copper, produce a sensation when an organ is toucheil 
with their two free extremities ; the tongue is sensible of a taste ; the eye 
perceives a light; the ear is conscious of sound. By increasing the 
number of these metallic couples, estcuding their surface, and plunging 
them into a saline or acid liquid, Volta constructed his celehratud bat- 
tery, by which he produced light aud heat comparable with those of the 



EdLOOT ON AttTHIIE AUGUSTE DE LA BIVE. 193 

ftan, a cbetnical power saperior to tbat of tbe vo1c»qo, a magDetisin 
equal to that of tbe eartfa, aud physiological phenomena previously cna- 
aideret] as belooging only to manifestations of life. Can it bo supiwseil 
that all these fon;es spring from nothing, aad that the two metals which 
proi)u(« them remain uochauged in their nature, weight, and other 
qualities T 

German science, still iovolved in tbe obscarities of the philosophy of 
natore, was of this opinion, notwithstanding tbe experiments of M. 
Becqnerel, sr. Auguste De La Hire thought otherwise ; he did not so 
readily accord to man the t^ulty of deriving, from nothing, either mat- 
ter or motion. His mind revolted against such an assumptioo. He 
proved, in fact, tbat do electricity was manifested if one of the two 
metals was not oxidized ; that is to say, if it had oot undergone chemi- 
cal change. Tbe electric current is slight when tbe chemical action is 
feeble; intense when it is powerful. The electric circuit starts from 
tbe metal attached and passes over to tbe other. If both metals are 
affected at once, the electric circuit begins in the one in which tbe 
chemical action is strongest. Change tbe nature of the medium, and 
you may reverse at will the action aud consequently the direction of 
the current. Tbe latter experiment is decisive. If the contact of two 
different metals Is sufBclent to create tbe electric current, this ought 
always to proceed in tbe Siime direction. If this current is the resultof 
chemical action, it should, oa tbe contrary, move sometimes in one 
direction, sometimes in the other, starting from the metal attacked aud 
proceeding toward the one not affected, as was proved by Augnste De 
La Rive. If we measure tie electricity obtaiued, we ought also to note 
the clieiiiical force expended. . We create nothing; we only transform. 
Bncb is the theory of the pile. Faraday devoted much time to the con- 
sideration of tbeKc truths, but we can do honor to the Geuevese physi- 
cist while acknowledging our indebtedness to the great English pbil- 
philosopfaer. 

If tbe burning of the coal develops the tbrce of the steam-engine, 
the zinc consumed produces the power of the Voltaic pile. The battery 
DO more creates the electricity that it utilizes than Watt's engine iiro- 
dnces the heat tbat it employs; that electricity comes entirely fioni tbe 
metal burned by the acids. Pursuing this idea, Augusts De La Itive 
measured tbe heat which was manifested in the different elements of a 
battery, in full activity, and found that it did not exceed that produced 
by tbe chemical action exerted opon tbe metal atbicked — a conclusion 
confirmed by the learned dean of the faculty of Marseilles. It is, then, 
evident tbat man creates neither electricity, magnetism, beat, nor Ijght ; 
he draws these forces from the reservoirs in which they are hidden and 
in which they were stored without his aid. 

We insist tbat in nature, as she appears to us, nothing is lost, and 
nothing is created of that which has weight; we dispose of matter ns 
we choose in order to produce chemical combinations ad infinitum ; 
13 s 
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forc«8 are ooly the causes of movements, which we transform, one into 
the other nt will. TV ell, ia this to 6»; that the world has no other sov- 
ereigD than man, and that he rnles as master 1 Let as see if this is so. 

Newtou considered light, heat, electricity, and magnetism as so many 
distinct imponderable fluids. This opinion served as a guide to all the 
investigations of the eighteenth century and of the commencement of 
the nineteenth. It was the expression of the truth of the time — was, so 
to say, the fashion — and it had its fanatical followers, in the first rank of 
whom was Voltaire. It is now superseded by a theory indicated by 
Descartes and Hnygbens, and which Newton andertook to develop, but 
abandoned, perhaps because of tbe difScnlties it offered to calcalatiou. 
This supposes the existence thronglioat the universe of an elastic, 
ethereal medium, that is to say, an exceedingly subtile substance, in 
which float the atoms of ponderable matter. Actingoneapon theother, 
or through internal agitation, these atoms determine, in the ether by 
which they are surrounded and penetrated, undulations more or less 
extended, more or less rapid. These vibrations of the ethereal medinm 
constitute light and heat, while electricity and magnetism are tbe mnn- 
ifestations of the medium itself. Ponderable atoms, an elastic ethereal 
medinm, and the vibrations produced iu the latter by the atoms; sucb 
is the present couception of the uuiverse. It is simple, true, perhaps, 
said Aagaste De La Rive, but who knows what will be thought of it a 
handred years from now t How is it possible to believe that atxr 
remaining in ignorance and error in regard to these great subjects from 
the commencement of tbe world, man, in less than a century, could 
acquire complete knowledge of all that concerns them and leave noth- 
ing to be discovere<l by future agesT It behooves us to be more modest, 
lest our descendants laugh at onr andacity. 

Among all tbe difiiirent manil'estalibus of the ethereal medium, elec- 
tricity is the most constant, not ouly iu the reactions of inanimate 
bodies, bat also in the material phenomena we observe in living organ- 
isms. It was hastily inferred by some that electricity was life, but 
Augaste De La Kive would not admit that life could result from this 
nueonseioiis action of atoms upon etbor. He had never seen it mani- 
fested spontaneously, aud believed that since its first appearance upon 
earth it had constantly been transmitted from parent to oSapring. 
He cousidered, moreover, that hnman personnlity does not exist in the 
dust of which our bodies are composed. Is matter that obeys eteniul, 
«iid the spirit which commands perisbableT I would rather, be says, 
believe that the intelligent soni is immortal and brnte matter perishable. 
He believed the world to have been created and demonstrated as a faet 
of a scieulidc order, and, by arguments that M. Olaasins afterward 
ilvveloppd, that it hud not always existeil ; that it bad a Iteginniug, and 
would have an end. 

Ampere, Faraday, and Auguste De La Kive made electricity the sub- 
ject of profound study, and it was the instrument of their greatest dis- 
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coveries. They were all three very religions, and delighted in meditat- 
iog apon subjects of a metaphysical character. The first sought to 
explain nnivereal attraction by magnetism ; the secoud denied even tbe 
existence of matter, and considered each atom as a center of force 
whose vibrations are felt thronghout the nniverse; they endeavored to 
defend, against the encroachments of the partisans of physical forces 
the domain of the spirit, that something which thinks, affirms, denies, 
wills, imagines, feels, and which, ftee to follow its inclinations, should 
render an acconnt of its liberty. They were convinced that by such 
meditations tbe soni approached the supreme power, whose direct 
intervention appears like a continued creation. 

Belonging to the same school of philosophy, they enjoyed discnssing 
together such questions as the following : Attraction, which sustains 
the stars in space, who knows its nature 1 Affinity, which connects 
the molecules of bodies, is it not a word whose sense escapes nst 
We represent matter as composed of atoms; are we sure that these 
atoms exiatt The physiologist describes the phenomena of life; does 
he know in what life cousists 1 The geologist, who writes the history 
of the globe of which he has only penetrated the epidermis, does he 
know its origin and end 1 If man is proad of the knowledge he has 
acquired, should be not be humble in view of what he has yet to learn t 

The publications of onr associate are nnmeroas, and attest tbe activity 
of his mind as well as the extent aud accuracy of his information. But 
an eminent physicist, M. Soret, is preparing a complete history of 
them in his native land, aud in this article I can only notice a few of 
their principal features, and, io particular, his beautiful theory of the 
aurora borealis. 

Tbe chronicle of Louis XI reports that, on the 23d of Jnly, 1461, a 
meteor appeared " of such color aud brilliancy that it seemed as if all 
Paris was in flames;" it adds, in consternation, "May God preserve us ]" 
On the 18th of November, 1465, a similar appearance produced like 
terror. The king, Louis XI, mounted bis horse and rushed to the walls, 
and tbe city guard were assembled aud posted. The country at that 
time was in revolt against the government, and it was supposed that 
the enemy before Parts were attempting to fire the city. 

We ourselves witnessed a similar excitement, caused by the appearance 
of tbe aurora, during the siege of Paris by the Prussian army. From 
the beginning of tbe night until the first actual appearance of the phe- 
nomenon, a glow was observed in the north, which gradually deepened 
into a rose-tint, and spread over half the sky. From time to time col- 
ored rays shot forth, of a deep blood-red, while spots of the same 
saogninary hue appeared here aud there above tbe city. When tbe 
phenomenon had reached its height, and the sky commenced to darken, 
suddenly the red color shone out again with frightful brilliancy. The 
next evening the appearance was repeated with somewhat less intensity, 
bnt accompanied by tamioous white radiations toward a center near the 
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constellation Pegasas. Tbe inhabitaots of Paris were greatly alarmed. 
They Bupposed that some great ioceDdiary machiae had b6ea pat ia 
l)lay, to force tbe walla or demoralize tbeir defenders. A few of tbem, 
aeeiug that it was a remarkable example of the aarora borealia, soagfat 
in it sncb ometis, happy or otherivise, as tbeir excited patriotism »ag- 
gestcd. 

The Aarora Of tbe North, as Gregory of Tonrs called it thirteen hun- 
dred years ago^ varies somewhat in aspect with tbe latitade. In the 
polar regions it is so common that it ceases to excite remark, and is 
often confonoded with tbe twilight. In tbe center of Europe it is less 
frequent, and almost always characterized by the deep bloody bue of 
tbe sky, and the rays that dart like lances across it. Its appearance 
justifies tbe description that it seems as if two great armies, enveloped 
in fiery va]>or,wer6 engaged iu mortal combat. In Calabria, where it is 
still more rare, the imagination finds iu it arcades and |>orticoes, while 
Greece, always poetical, and very seldom honored by this celestial vis- 
itation, sees in the illuminated sky the assembly of tbe gods in conacil 
upon Olympus in the presence of Jupiter. 

How are we to accouut for these appearances 1 Augaste De La Bive 
considered that they were produced by electrical conflicts, silent and 
mysterious, convei^ing toward tbe magnetic pole of the earth. Every 
one is familiar with the electric light, whose power is exhibited in the 
light-bonse, on tbe stage, and in public illuminations. This brilliant 
phenomenon, discovered by Davy, was especially noticed by Arago, 
who declared, apriori, that it would offer the then strange spectacle of a 
flame obeying the action of a magnetic bar. Experiment confirmed bis 
prediction. When this luminous arch is approached by the poles of a 
strong magnet, it is attracted or repulsed ; its curvature increases, tbe 
brilliancy of tbe flame diminishes ; it is varied by jerks and by flashes 
of colored light when silk is rubbed near it, and the arch at last breaks, 
when tbe curvature is so great that it extends too much tbe surface 
I>aB8ed over by tbe electrical discharge. A magnetic needle placed in 
the vicinil y manifests, by its incessant agitation, that it is afi'ected by a 
strong magnetic influence. Is not this the image of the aurora polaris 1 

Arago devoted many years to the study of tbe influence of the aurora 
boreaUs upon tbe magnetic needle; and often announced the appear- 
ance of the phenomenon iu the north of Europe, even before it was 
manifested in France. He was too cautious, however, to hazard au 
opinion in regard to its nature. Auguste De La Rive took up the sub- 
ject — we sbonld rather say, devoted himself to it — and among tbe many 
reasons for regretting tbe death of this illustrious savant is the loss to 
science of a work he was preparing upon the polar lights, the materials 
lor which he had spared no pains in collecting. Tbe apparatus is well 
known, at least in the lecture-room, by means of which be reproduced 
tbe fundamental conditions of tbe phenomenon, which he considered 
due to the formation of a luminous ring in the upper regions of tbe 
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atmoBpbere, having for center the magnetic pole. By transmitting 
throngb u rarified gas an electrical discharge around the pole of a 
strong magnet, he caused a luminous ring to appear, animated with a 
movement of rotation around this same pole. This experiment is so 
beantiful that it mast he admired eveo by those physicists, now few in 
oomber. who consider that the aurora is derived from a source far beyond 
the terrestrial atmosphere, and attribute to it » cosmical origiu. -He 
writes thus to me, only a short time before the attack of illness which 
cansed his death: "Assist me in defending a theory, which I believe to 
be fonnded upon iocontestable facts, and which was advocated by Frank- 
lin and Arago when there wns less evidence in its favor. The investi- 
gators who study only the brilliant and occasional auroras of our lati- 
tudes, shonUI also take into consideration those less radiant that appear 
almost every day in the polar regions. I do not know a single observer, 
placed in onr extreme northern countries, who does not support the 
views I have adopted. Surely it is much in their favor that they are 
advocated by men who live in the midst of the phenomena; and shall 
we abandon them because they are opposed by those who witness these 
remarkable appearances only occasionally, and under the inflnence of 
surprise and astonisbmeut which mast more or less affect the judgment 
concerning them t" 

At the equator, the silent magnetic agitations are replaced by electri- 
cal storms, accompanied by thunder and rain, marking, so to say, the 
coarse of the sun ; and if there is a constant manifestation of auroral 
phenomena, more or less distinct at each pole, there is always an orange 
tint, of greater or less intensity, at some point of the equator. What 
purpose do they serve, these electric manifestations, continually exhib- 
ited tbroughoat the atmosphere of the earth T We are not yet ia a con- 
dition to say, but De La Btve has thrown much light upon the question. 

When, a hundred years ago, Priestley discovered oxygen, the agent 
of cotnbastion and respiration, medicine found a valuable auxiliary, and 
enthusiasts saw la it a means of prolonging life. The experiments of 
M. Bert, bowever, proved that this vital air, if inhaled into the Inngs in 
a pore state, was a mortal poison. This same oxygen, as soon as it is 
electrized, shows that it is accompanied by a very odorous substance, 
blackening colored bodies, irritating violently the respiratory organs, 
and converting animal products into saltpeter. This is the ozone M 
Scbonbein, the celebrated professor of Basle, fonnd at times in the 
atmosphere, particularly when the latter was electrized by thunder- 
cloods. Auguste De La Rive and his learned friend M. de Marignac 
maintained that ozone is a modification of oxygen, a conclusion ren- 
dered incontestable by our two eminent associates, MM. Fr^niy and 
Becqnerel, jr. 

If pore oxygen is deadly in its effects, mingled with the air that snr- 
ronnds OS, it supports life } and if oxygen, ozenized, is a poison, in mod- 
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erate doses, it pari&es the air and fertilizes the soi] broken by tiie plow, 
giviu;; to its products their agricnltural BigDiflcance. 

If it is chance that provides the atmosphere with oaly jnst eooagh 
of this useful yet daagerous oxygeu to support respiration ; that brings 
into being ozone to destroy the deleterioas inflaences which threateo oor 
lives, and to prepare the ooDrishmeDt necessary for the plants which 
supply us with food ; if it is this same chance which fixes the limita to 
the concentration of oxygen, rendering almost immutable the qaantity 
of inert gan mingled in the air that we breathe; which renders i>oBsil>Ie 
and durable for centuries the existence of man upon tbe eartb, then we 
must conclude, with Anguste De La Kive, that chance is very int«lligeDt; 
indeed, so intelligent as to deserve another name. 

A flourishing industry, which was tx)mmenced abont tbirty-flve years 
t^o, ander the anspices of the Academy of Sciences — that is, electro- 
plating — originated in the experiments and practical applications of oor 
respected associate. Up to that time the only mode known of gilding 
bronze was by tbe use of mercnry. This process prodnced a good and 
solid surface, but was fatal to the workmen, as their bands were brooEfat 
in contact with tbe daugeroas metal, and their langs exposed to tbe 
action of the mercurial vapors during the beating of the articles to be 
gilded. The old academy offered a prize to any one who would obviate 
tbe danger attached to this indnstry, but it was unclaimed. The pres- 
ent academy was more fortunate. But, if tbe industry ia indebted for 
its stimulation to the galvanio process, we should not forget that tbe 
first pieces gilded by electricity came from the hands of the sagacioas 
and disinterested physicist whose labors we are contemplating. Thanks 
eaiiecially to him, we are spared the distressing spectacle formerly pre- 
sented by hundreds of unfortunate workmen, involuntary witnesses of 
the deleterioas effects of mercury, who, trembling in every limb, were 
diseased alike in mind and body. 

Anguste De La Rive was a lover and patron of tbe fine arts, and it was 
in some sort under his direction that the celebrated painter of Alpine 
scenery, Oata me, executed his chef d'oeuvre, Mount Bose, tbe most beaati- 
ful ornament of the parlor of the scientist. It represents a rugged, lonely 
sc«ne, a high plateau in the mountains, without verdure or any trace of 
the presence of man. In the background is the Alps, in tbe foregronnd 
n small, dark lake and some rocks ; that is all. But it is nature in her 
Qiiijesty, flooded with tbe light and enveloped in the pure transparent 
atmosphere of tbe moantaius — an nnademed exhibition of her grandear, 
affecting powerfully tbe imagination. 

Our philosopher was never tired of the beautiful spectacle presented 
by the effect of tbe setting sun upon Mont Blanc, and was led to some 
interesting scientific observations of the phenomenon through his ad- 
miration of its picturesque aspect At tbe moment when tbe son dis- 
appears from the hMizoa, the valley is covered with shade, and tbe 
mountain is gradually obscured from the base to near tbe summit. This 
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alone, for some time, remaiDs illuminated, and, aaddenly, while the rest 
of earth sinks ioto deeper shadow, takes a bright orauge tiut, sometimes 
a bloody or fiery red, and appears like an immense meteor, fixed, incnndes- 
cent, not belonging to earth, bat suspended in the sky. Soon tbe erer- 
increastng shade invades even this icy piDoacIo. Its outlines grow indis- 
tinct, and its color fades to a cadaverous hue. Like the change from 
life to death in tbe human fnce .is this rapid transformation from the 
brilliaut tints of departing day to tbe livid tone which follows upon the 
forehead of this giant of rock and snow. No one can witness tbe 
solemn spectacle for the first time without profound emotion ; and the 
instinctive silence that fulls upon the spectator is like the prelude to » 
prayer. As be torus sorrowfnlly away, and asks if all is over, suddenly, 
as if in answer, the mountain is colored anew with a pale rose tint, 
the reflection of its former splendor. Is tbe colossus about to revivef 
No ; this fugitive tint is soon effaced, and darkness covers the scene. 

The rosy glow, tbe day's farewell to the snow^clad peaks of these higli 
mountains, is only the reproduction in a particular form of tbe general 
effects of the setting sun upon clouds. But what is the cause o( thesecond 
coloration t Oara38ociate,aftermanyoli6ervation8ofthc8nmmitof Mont 
Blanc, most frequently subjected to the phenomenon, attributed it to the 
reflection of the last red rays from vaporous strata accumulated in tbe up- 
per regions of tbe atmosphere. He studied the nature of these vapors, and 
invented an apparatus for measuring the %~ariations in tbe transparency 
of the atmosphere, which are closely observed by the mountaineers, as t hey 
judge from tbem what weather to expect. If the air is perfectly clear, and 
distantobject8phiinlyvisible,tbemoantainsseemiug close to tbeobservec, 
and tbe sky of a deep-blue color, they will tell you that rain is near, 
though there may be no other sign of its approach. If tbe weather is 
decidedly fine, tbe air is not perfectly clear, but is pervaded by a bluish 
vapor, the sky is moderately blue, and mountains seem far awiiy. 

Auguste l)e La Bive supposed that these vapors, characteristic of 
fine weather, were composed of mineral and organic particles, which 
float in the air as long as they are dry, but fall to the ground when sur- 
charged with moisture. They are so abundant, that they take from the 
air its trannpareucy, which is restored when they disappear. The in- 
sects which buzz about us are governed by the same law. If the swal- 
lows fly close to tbe ground at the approach of raiu, and high up in the 
air in fine weather, it is because in tbe first case tbe insects upon which 
they feed are weighed down by moisture, while, in the seioud, relieved 
of this burden, they mount higher into space. 

The ardor of Auguste Do La Bive for the study of electricity could not 
be satisfied with only tbe labors of the laboratory. He conceived the plau 
of a work' which would make known all the results obtained in every: 
branch of this departuient of physics. Familiar with every science,, 
and speaking all languages, he hoped, by uniting and tracing to tboir 
source the materials scattered through the periodicals of diSferent coun- 
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trios, to furoiah geometers the nieaDS for the basis for a new and better 
theory of electricity. The three volames of his Treatise upon Theoretical 
and Practical Electricity contain a statemcut of all the fact« observed, 
nitb tbo commeut otsavans aud his own opiuion in regard to each one 
of them. There uever was a more impartial compiler nor disinterested 
narrator. The work shows throughout with what perseverance each 
individual question waa examined, and the care with which they were 
all Hubordiuated to a general aud high order of ideas. '■'■ I construct," 
said he, " n ladder to the top of which I shall never climb, but, as a cou- 
ticientious workman, I wish those who shall mount it to find every ronnd 
of t!Ood material, solid, ami without defect." 

TIte Bibliofhique Unitersetle de Geneve numbered Auguste De La Kive 
among its most faithful contributors for nearly half a ceutnry. He for 
a long time directed with indefatigable zeal not only thescieuttQc divis- 
ion considered as hia natural domain, but also the literary department, in 
which be was at first regarded as a usurper. The public acknowledged 
that, iu assuming the control of the periodical, be insured for it an impor- 
tant scientific value, bntqaestioned the wisdom of intrusting the literary 
part to tbe direction of a savant, considering that the study of science 
tends tolessened sensibility to tbe delicate cbarm of tetters. But uever 
had tbie portion of the review been as replete with matter of an inter- 
esting and entertaining character. Many of tbe cbitnning prmluctions 
of Tuppfer first saw in it the light of day, and it this amiable artist man- 
ifested great vigor in his humorous sketches, Augusts DeLaBive also 
showed his good taste In selecting and appreciating the merit of these 
effusions. 

It was not without reflection that Angnste De La Rive partially aban- 
doned hislaboratory and favorite studies, to devote aportion of his time, 
talents, and fortune to the support of a scientific aud literary pablica- 
tiou which, from the beginning of tbe century, sustained the moral and 
iutollevtual authority of Geneva. He was convinced that tho Biblio- 
tkeqiie Pnirerselle exercised, like tbe Edinburgh Re\1ew, a salutary indu- 
ence. Tho articles selected gave full information on all the important 
qneistions of tbe day, although regarding them from a national point of 
view, and tbus, while imparting knowledge, kept patriotism ahve. Hia 
comments upon literature and art, full of elevated senlimentaud respect 
for human understanding, left a very pleasing impression upon the mind 
of tbo reader. Nothing was admitted into the journal which could not be 
read aloud iu the parlor, or could cause uneasiness to tlie mother of a fam- 
ily. Somewhat of puritanismin ideas, aud a certain austerity in conduct, 
wasnot displeasing to De La Rive. He admitted that, if carried to excess, 
these qualities became ridiculous; but their absence ho thought led to dis- 
order. A small country, he said, can exist only ander the double condition 
of hiningji fixed faith in certain principles, and iu conforming the life to 
them;it musthaveaphysiognomyof its own, and keep it intact; must be 
itself, aud not everybody else; must preserve its own identity, a very diffl- 
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cult matter wfaeD railroads tond to mingle all tbe irorld iuto o 

nity — impossible, unless from time to time some voice of autlioritf brings 

into barmouy the discorditnt elements of society. 

In 1815, wbeo Switzerlaad regained her ancient liberty, Geneva be- 
came the temporary abode of many illustrious persons politically dis- 
tingaiubed. Some came to enjoy the natural beauty of the shores of l^ake 
L^mRu, or tu rest for a few days in this celebrated city, placed at tbe 
confluence of the routes from the north of Europe, from France, and 
from Italy; others, banished from their native land, sought an asylum 
among its hospitable inhabitants. Sever was there a more singular ming- 
ling of tbe people of every nation, of the representatives of all the eonti- 
neutal countries, many of whom had met before on the lieUl of battle, 
and of England, which had been separated from tbe lest of Europe for 
more than thirty years, with the sons of the East, unmistakable in 
their peculiar type of hamnnity. In the streets every kind of costume 
appeared, every language was spokeu ; in the social assemblies every 
nationality fraternized. 

Meanwhile the Genevese legislators, intrusted with the formation of 
a constitution for the canton, and anxious to obliterate all traces of the 
long alliance with the forms of the French administration, found, iii the 
Parliament of England and its controlling aristocracy, the beau-ideal of 
government. Political party-spirit soon attained as great a degree of, 
intensity in this as in conntries of much larger extent. Everybody was 
in favor of a constitutional government; but while with some, veritable 
tories, the principle of authority was supreme, with others, true wfaigs, 
the idea of liberty was uppermost, and, as nsnal in such cases, neither 
side was willing to make concessions. Gaspard De La Kive, first syndic 
of the republic, was at the head of the conservntive division, while his 
son, in common with most of the young men, belonged to the liberal 
party, prominent among whom was a former member of the French 
Academy, Simond de Sismondi. 

Augnste De La Bive was too ardent in temperament and too tnily pa- 
triotic in feeling to be indifferent to the political events which later 
threatened the tranquillity of his country. Still professing liberal jirin- 
ciples, as in the days of his youth, he determined to resist tbe encroach- 
ments of a turbulent and oppressive democracy, and became in bis turn 
the leader of a new conservative party. 

After the revolution tu Geneva, and at the time of the Sondcibuud 
war, he resigued his professorship and retired from public lite. Still, 
when, on the annexation of Savoy to Prance, some uneasiness was felt 
by the Helvetic government, he was sent to London, as minister pleni- 
potentiary and envoy extraordinary, to guard the interests of the Con- 
federation. Ho was treated % the Queen with the highest distinctiou, 
and on his return to his native land receiveil a new mark of confidence ; 
he was made a member of the select assembly for the revision of the 
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coDstitatioQ of Oeueva. And when his term of ofQce was coinpletpd, 
he resigned entirely nil abate in the goreniment of his country. 

He could not forgire a levolation which could tempt from tlie coltnre 
of intelligeDce the vigorous offspring of noble and opulent families, to 
immerse them in business affairs. The recognized superiority of his 
native city over many others greater in extent and population, he ex- 
plained, Dot by its position upon the shores of Lake L^man, nor by the 
beauty of its sorronndings, nor yet by its great trade in watches. He 
attributed all its importance to the brillisnl assembly of thinkers, phi- 
losophers, writers, aodsavants who bad rendered it illustrious. Vol- 
taire, lioussean, Madame de Stael, for instance, would never be forgot- 
ten ; and the beautiful investigations of Charles Bonnet in natural phi- 
losophy J the discoveries of Tremblay iu regard to polyps ; of the blind 
Huber concerning bees, and his son in respect to the habits of the ant; 
the Alpine journeys of Horace Benedict de Saassure, oue of the found- 
ers of geological science ; the works of Senebier and of Theodore de 
Saussure upon the physiology of plauts, could not be effaced from the 
great book of human knowledge without injuring the intellectual pros- 
pects of future ages. The academy and the venerable ecclesiastic com- 
pany had been the soul of Geneva, and he could not see without un- 
easiness their influence diminish. Be was right. Alexander victorious 
did not save Macedonia from forgetfulness ; Athens, so often invaded, 
has survived her misfortunes, and will always live iu the memory of 
man. War may make slave-8 and reduce to {mi>otency the limbs of the 
vanquished, hut she cannot touch the human mind nor the imprint it 
leaves upon the religion, philosophy, letters, science, and art of its 
masters. 

Geneva, like Floreuce, considered that her real existence lay in tbe 
noble minds that made her famous, but the fears of De La Rive for her 
future were without foundation. To the wise generation of the last 
century and the commencement of the present, to which he belonged, 
has succeeded a people full of vigor and worthy to occupy the palace 
raised by tbe provident city in honor of science. In this privileged 
country, tbauks to the example of our associate and of his assistwDt 
laborers, as well as to tbe liberal institutions inspired by him, the yoath- 
ful representatives of noble and ancient families are more ready to look 
upon fortune as a means of advancing knowledge than to value learning 
as an assistance in tbe acquirement of material prosperity. 

Tbe interests of Augnsto De La Kire were not all centered in Geneva. 
A large share of his thoughts and affections were reserved for Fr^singe, 
an estate of considerable extent, ancient tenure of tbe dukes of Savoj. 
Tbe family of La Bive bad been iu possession of this patriarchal domain 
for several centnries, and for generations tbe snrronnding agricultural 
population were benefited by the influence of its amiable representa- 
tives. Gaspard De La Bive and bis sou no doubt did mnch to foster tbe 
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hatred of display, the active beiievoleDce, abseoce of pride, and aversion 
to pedantry, whicb are vharact«rifitic in Savoy of the habitBaDdniaaueiij 
of the gentleman. 

His quiet life in this peacefnt retreat was troabled by tbe materia) 
specnlatioDS of the age, which he regarded with more BoHcitude than 
most of bin couutrymen. Attached to tbe trnths of the Christinn reli- 
gion, he was a member of tbe Protestant Church of Geneva, but his 
respect was great for the Roman GathoUc faith, which was profeasetl by 
many of bis relations and friends, and by the larger part of the resi- 
dent popnlatioD in the neighborhood of Fr^singe, among whom be lived, 
loving and beloved, sharing all their interests, moral and religious, oven 
to the bnildiug of their eharch. In what times of religious disoi-der we 
live, he said, and how science is implicated. In our youth, full of enthn- 
siasm for her, we little thought a day would come when she would deny 
tbe assertion of Bossaet, "Were man openly to declare himself God, 
his pride would revolt at snch presumption; but to call himself God, 
and yet feel himself to be morUl, is to sbame even the blindest arro- 
gance." 

Tbe spirit of tolerance, so natural to oar associate, led him to avoid 
everything that would wound the convictions of others; but there came 
a time when to keep silent was to deny his faith, and he did not wish 
the world to think that those who advocated materialism in tbe name of 
science were sure of the approbation and complicity of all savants. It 
is by no means the case, he said, with decision, and it is our daty to say 
so. Science is great; her role is glorioas; but her domain is circum- 
scribed. She commands matter, bat has no control over mind. Wo can 
better explain the course of the stars than the astronomers of tbe ti me of 
Homer, but have added nothing to our knowledge of the human pas- 
sions be so vividly portrayed. Our ideas in regard to heat are more 
certain than those of Eschylus, but concerning oppression and wrong 
they have not changed since the protestations against tyranny and bmtal 
force of tbe author of Prometheus Bound. We are better acquuiuted 
than Virgil with the action of the heart in the circulation of tbe blood, 
hnt have discovered no new sentiment of pity or tenderness. Man does 
not need science to sound tbe depths of the human soul, and tbe study 
of the physical forces shows that between them and the moral attributes 
there is nothing in common. 

Many associations connected De La Rive with England, formed during 
his residence as minister in that country, and with France be was united 
by ftiendship with many of its distinguished men, among whom were M. 
de Tocqaeville and M. de Montalembert. With Savoy and Italy ancient 
family relations had been revived and strengthened by an affectionate 
and close intimacy with his relative, the count of Oavour, who was, 
irom his earliest infancy, accustomed to spend every year several weeks 
at Prdsinge. In early life the yoang savant and the future statesman 
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wim yras to exorcise SO great an influence npon the destinies of Italy, 
ivere for a lonjj time in perfect accord npon the gronnd of liberal ideas. 
Snrrouuded by inflnences unfavorable to their convictions, they enjoyed 
togotber the forbidden fruit; and sometimes in the evening, in the par- 
lor of Prdainge, while their elders slept by the fireside, woald scandalize 
the feminine portion of the family circle by exaggerated expression of 
their opinions, which their troubled audience dared not oppose for fear 
of awakening those in whom these views would have excited the utmost 
consternation. In later years this union of sentiment was gradaally 
dissolved, Cavonr, through struggling with absolute govemmeuts, be- 
came more and more a partisan of liberty, while De La Bive, disgusted 
with the unreasonable demands of democracy, united himself more and 
. more closely with the conservative party. Their friendship, however, 
wa^ never disturbed, and if the bast of the statesman occnpied in the 
parlor of our associate a place of distinctioo opposite that of the cele- 
brated Rossi, on the other hand Cavour never could speak of the savant 
escept in terms of tender afi'ection and profound respect. 

M. Angnste De La Bive was, to an unusual degree, favored in the cir- 
cumstances of his life. The scion of an illnstrions family, of a spotless 
name, educated by a father of large heart and noble understanding, mas- 
ter of a fortune which allowed free pursuit of hia studies, and residing 
in a country where he was appreciated at his proper value, he passed 
his days in unbroken prosperity and in the quiet enjoyment of tbe pleas- 
ures derived from a love for letters and tbe flne arts, tbe culture of 
science, the practice of benevolence, devotion to his country, and the 
joys of domestic life. When, after having long been a correspondent of 
the French Academy, he was made a member, he wrote to me, " I have 
nothing now to wish for ; my desires are more than satisHed." A portion 
of the year he passed in his city residence, tbe remainder of the time in 
tbe country at Pr^singe, and in both places be exercised a generous 
hospitality. Favorable as destiny had beeu to him in life, his death 
was followed by a series of distressing events. In one short month, bis 
brother, who was united to bim by ties of the tenderest affection, his 
relative and friend M. Jules Francois Pictet, one of the most eminent 
naturalists of the day, two of his sons-iu-law, and Madame Quetelet, who 
in her sorrow survivetl him only a few days, had also passed away. As 
we visit his deserted laboratories, the scene of so many interesting discov- 
eries, and wander, in imagination, through his two abodes, so full of 
happy memories; through the silenf halls whose echoes might repeat 
tbe noble words of one of the greatest philosophers of tbe century, the 
heart is oppressed with grief. But we remember that the eminently 
good man, the illustrious and venerated savant, whose presence we 
seek in vain in these now melancholy abodes of sorrow, will live forever 
in tbo ineffaceable record of the past. Augnate De La Bive, far from 
the belief that, on leaving this world, he would sink into nothing, as tbe 
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epUemeral vapor is dissipated tu the rays of tbe sun, placed full coufi- 
dence in a future reserved lor uau, in tbe hope of aiiotber aod higher 
state of existence. There is consoiation iu the thought that he leaves 
behind him two sous worthy to be his successors, as well as a son-in- 
law, atid three daughters, whom be regarded with great tenderness, and 
who will cherish with veueration and transmit to bis descendants bia 
noble example of patriotism, beoevolence, and respect for labor. But 
the homage we render him is not coDfined to this worid ; it mounts to 
the happy regions where he dwells an immortal soul, and worthy of 
his immortality. 
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ON TIDES AND TIDAL ACTION IN HARBORS.* 



By Pbofeswir J. E. Hilgard, of THE U. 8, Coast Survey, WASiitROTON, D. C. 



Ladies AND Getttlemen: I propose to eugage yoar attentioD tbia 
eveoiug with the Bnbject of the tides of the ocean and the infinence ex- 
erted by tidal currents ou our harbors. I shaU first briefly describe the 
pbenomeua of the tides as they present themselves to an observer, thea 
consider the physical caosea to which these phenomena are dae, next 
examine more in detail the phases of the tide on onr own coasts, and 
floally describe the tidal hydraolics of the tnagoificent harbor of New 
York* 

The most obvioas change in the surface of the ocean to be noticed 
npoQ oar sbores is the alternate rising and falling regularly twice in 
every day. (Jloser attentiou will show that the tides of each day occur 
somewbat later than those of the preceding day, the average time of re- 
tardation being flfty-two minutes, and that this retardation corresponds 
to that of the moon. It will pass as a fair approximation to say, that it 
is bigb water at New York with a sontheost moon, or similarly for New 
Castle, on the Delaware, that high water occurs when the moon is sooth 
In fact, 80 closely is the time of tide connected with the position of the 
moon, that in order to give the time of high water upon any day ap- 
proximately it is customary to state the time of high water on the days 
of the new and full moon, when the moon passes the meridian at twelve 
o'clock, nearly. This lime is caHed the "establishment of the port." 
Then, to find the time of high water on any other dny, it is only neces- 
sary to tidd the "establishment" to the time of the moon's meridian 
passage on that day. On closer examination, it will be found that the 
interval between the time of the moon's passage over the meridian and 
the time of high water, called the luiii-tiiial interval, varies with the 
moon's age very sensibly. Mor^ver, the elevation at high water and 
depression at low water will not always be the same, but will be great- 
est about the times of now moon and full moon, and least about the first 
and third quarters. The details of these variations will be' best traced 
out in connection with the explanation of their caoses, to which we will 
now proceed. 

The popular explanation of the tides, as depending on the law of gravi- 
tation, is sufficiently simple, although the complete mathematical inves- 
tipatioo of the subject, by which we abonld be enabled to predict their 

*Dvliv«red before (he Aineriviui IntUlule, Joouiuj 27, 1671, with revUioo. 



208 OH TIDES AND TtDAL ACTION IN HAEB0B8. 

occurrence ami ningoitude for any place, is encompassed with difficul- 
ties, fi'om causes to which we shall bereafter revert. 

If we conceive the earth to be wholly, or for the fjreater part, covered 
with water and subject to the attraction of the snn, the force of which 
varies inversely as the square of the distance, it will be obvious, that 
while the whole earth will fall toward the snn with a velocity proportioned 
to the aggregate attraction npon its solid portions, (which is the same as 
if all the matter were collected at its center,) the water nearest to the 
Biin being accelerated by a greater force, and being fluid, will approach 
the sun more rapidly than the solid core. It will thus run from ;ill sides 
intO'a protabernnce beyond the form of equilibrinm of the earth's attrac- 
tion and rotation, until the pressure of the elevated mass equals the dif- 
ference in the attraction of the sun. Moreover, a similar protuberance 
will be formed on the side opposite t4) the sun, since the particles of 
water, being solicited by a less force than the solid core, will fall more 
slowly toward the sun, ant] as it were remain behind. S^or does the fact 
that on tbe average the earth does not lessen its distance from the sun, in 
the least invalidate the force of this reasoning ; for the deviations iioiu 
the tangential motion of the earth in its orbit are precisely those which 
the earth would move through if falling toward the snn unaffected by 
any other impnise. 

The same considerations hold good in reganl to the attraction of the 
moon upon the earth and the waters surrounding it ; for although we are 
in the habit of considering tbe moon as simply revolving about the earth, 
it must be remembered that tbe attraction is mutu^, that both bodies 
describe orbits about their common center of gravity, and that while the 
moon obeys the attractive force of the earth, the latter equally follows 
that of the former, by which itisatevery instant of time drawn Irom the 
path which it would pursue if that influence did not exist by an amount 
precisely equal to the fall corresponding to the moon's attractive force. 

As a necessary onsequence of tbe elevatiou of tbe water in the 
regions nearest to and most remote from the attracting body, there 
must be a corresponding depression below the mean level of the sea 
at points distant ninety degrees from the vertices of the protuberances, 
or at tbe sides of the earth, as seen from the sun or moon. If tbe latter 
bodies maintained a constant position with respect to tbe earth, the 
e&'ect would therefore be to produce a distortion of figure in the ocean- 
surface, (assnmed to cover tbe whole earth,) having the ibrm of a slightly 
elongated ellipsoid, the two vertices of which wontd be the one pre- 
cisely under, the other precisely opposite to, the points at which the 
disturbing body is vertical. This, however, is not the case ; for by the 
rotation of the earth, and tbe motion of earth and moon in their orbits, 
the direction of the disturbing forces is constantly changing with respect 
to any point on the earth's surface. New points arrive at every instant 
under the zenith and nadir of either luminary, and thus it is that waves 
are produced which follow them round the globe. The highest points 
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or these waves will remain far bebiod the verticals of the disturbing 
bodies, because tbe inertia and friction of tbe water prevent tbe rapid 
change of form required, and because, altboogli tbe elevating force is 
greatest under tbe vortical, it still continaes to act in the same direction 
for some hours after tbe passage of tbe laminary, with* but little 
diminished force. 

Thin retardation, which would be sensible nnder tbe simple supposi- 
tion of ati uninterrupted ocean covering the earth's surface, becomes 
very considerable under the actual circumstances of the case. Tbe 
depth of the sea varies bo much, and the form of its iMisin, taken as a 
whole, is 80 interrupted by the laud, that no regular progressive move- 
ment of tbe tide-wave can take place, except in the great Southern 
Ocean. At all points on the coast tbe phases of the tide will follow 
tbe periodicity ef the forces causing them, but at each point, at a greater 
or less interval from tbe culmination of tbe snn or moon, according to 
its local position, and the more or less circuitous course taken by tbe 
tide-wave to reach it This interval and the actual rise and fall of tbe 
tide mast be determined for each place by special observation. 

LUNI-SOLAB PHAaES OP THE TIDES. 

Tbe close relations which the times of high vater bear to the times 
of the moon*s passage show that the moon's influence in raising the 
tides must be much greater than the sun's. In fact, while tbe whole 
attraction of tbe sun upon the earth far exceeds that of tbe moon, yet 
owing to the greater proximity of the latter, tbe difference between 
its attraction at the center of the earth and at the nearest or most 
remote i>oiut of its surface, which difference alone produces the tides, 
is about two and a half times as great as the difference of tbe sun's 
attraction at tbe same points. 

SEMI-MONTHLY INEQUALITY. 

"We will now consider the particular phases resulting from the com- 
bination of the lunar and solar tides, and from tbe varying positions of 
those bodies. There will be two complete lunar tides iu every lunar 
day of twenty-foar boars fifty-two minutes, and also two complete 
solar tides in every mean solar day of twenty-four hours. These are 
known as the semi-diurnal tides, and constitute the principal variations 
of the sea-levol. Tbe combined eflect of these two flnctuutious will be 
most readily understood by reference to tbe annexed diagram, in which 
the lunar tide is represented by da»hes, the solar by dots, and the com- 
bined or actual ride by a full line. At the time of sjzygiea, or full and 
change of tbe moon, tbe effects of both sun and moon combine together 
to produce the springtides, when high water is higher and low water is 
lower than at mean tides by the amount of tbe solar tide. At quad- 
ratures the high water of the sun will combine with the low water of 
14 8 , 
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tbe mooD to prodoce a less full, and tbe low water of tbe sac with tbe 
high water of tbe moou to prodnce a less rise tbati at mean tides ; and 
we have tlie n«ap-tides, tbe range of which is less tbau the mean range 
by the amount of tbe solar tide. Thus, at New York, the rise and fall 
at syzygie^ i86.4 feet, at quadrature 3.4 feet, the former being the sum, 

SEMI-MONTHLY INEQUALITY 
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the latter tbe difference of the lunar and solar tides, wbeoee we obtain 
for the effect of tbe moon 4.4 feet and for that of tbe sun one foot, pr a 
ratio of forty-four to ten. This proportion does not prove to be the 
same in all parts of tbe world, and even varies oonsidembly in places 
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not far distant from each other. At Boston the heights are 11.3 and 
8^ feet, respectively, giving a proportion of seven to one. On the 
Atlantic coast of the United States it averages about five to one, while 
On the east side of the Atlantic Ocean, on the coasts of France and 
l':ngland, it is in many parta as tbree to one. These differences are to 
be ascribed to the fact that the shore and harbor tides which weobserve 
have in every instance acquired a greater magnitude than the ocean 
tides, in conseqnencd of the wave having passed over a sloping bottom 
and having been greatly retarded by the effect of friction. A comparison 
of the range of spring and neap-tides, therefore, will not serve as a 
correct measure of the relative effect of the son and moon, unless the 
effect of friction were taken into, consideration, which we are at present 
nnable to do for want of a complete knowledge of the configuration of 
the bottom. 

The interval between the moon's meridian passage and the time of 
high water is subject to a variation similar to that of the height. Ou 
the day after the springtides, the top of the solar tide-wave will be 
nearly an hour in advance of the lunar tide-wave, and the two waves 
will combine to make high water earlier than the moon's alone would 
bring it. It will contiune to be earlier notil the moon's transit is 
later by three bom's, or in the first octauc. It then falls back until it 
fs latest in the third octant, and again advances, until, at the next 
spring-tides, it reaches its mean period. The mean of all the Inui-tidal 
intervals for half a month at a port its called its mean establishment, 
which is used for finding the time of high water on any given day ; and 
tables are constructed from observations at tbe principal ports for find- 
ing the correction for semi-mouthly inequality due to the moon's age. 
Thus, for New York, the mean luai-tidal interval is 8h. 13m., and its 
least and greatest valoes are 7h. 52m. and Sh. 35m. On the Atlantic 
coast of the United States the range of this inequality is about three- 
quarters of an hour ; on the coasts of France and Great Britain it often 
exceeds one and a half hours. 

DICBNAL INEQUALITY. 

The next variation of the tides to be considered is that dependent on 
the moon's declination. Were that body constantly in the plane of the 
equator, the highest points of the tide- waves would also be in that plane, 
and would consequently produce a series of equal tides at any place 
either north or south of tbe equator. Bat it is evident that, when the . 
moon ascends to the north, tbe vertex of tbe tide-wave will tend to fol- 
low it, giving the highest point of one tide in the nortbem, and tbo 
highest point of the opposite tide in tbe soathern, hemisphere. Conse- 
quently, when the moon has a northern declination, the tide at any place 
in the northern hemisphere caused by its nppcr transit will be higher 
than that caused by its lower transit. (See diagram of diurnal inequal- 
ity.} This variation in the heights has a period of one lunar day, and 
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is called the diurnal inequality; it reaches its mazimnm when the moon 
is at its greatest northern or soathern declination, and disappears when 
it is on the equator, and oonaeqneatly has a half-monthly period. The 
TariatioDS of height i'rom this canse produce a correspoDdiDg inequality 
in the times of high vater. The son's declination affects the tides in a 
similar manner, but the amonnt of the disturbance is very small, and its 
period extends over half a year. In long series of observations ita effect 
is neveri;beles8 well marked, both in height and time. The diarnal in- 
eqnality, depending npon the moon's declination, is, on the other hand, 
qnite sensible, and in many places constitntes a prominent feature of 
the tides, aa on the Pacific coast of North America. 




PABALLACTIO INEQUALITY. 

A further cause in the variation of the height of the tides Is the varia- 
tion of the distances of the sun and the moon by reason of the ellipticity 
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of their orbits. The efiScacy of a heavenly body in nuBtng tides is ebown 
by theory to be inversely proportional to the cube of the distance. 
Hence the efflcacy of the snn will fluctnnte between tbe extremes nine* 
teen and twenty-one, taking twenty for its mean valne, and that of the 
moon between forty-three and fifty-nine. Taking into acconnt this 
cause of difference, the highest spring-tide will be to the lowest neup as 
59+21 to 43 — 19, or as eighty to twenty-four, or ten to three ; leaving 
ont of consideration the local circumstances of access and depth, which, 
38 we have stated, modify those proportions in a marked degree. 

TYPE CUETBS. 

The three principal forms of tides are illustrated in the annexed dia- 
gram, which exhibits the tides at New York, Snn Francisco, and Galves- 
ton for two days from actual observation. Of these, that for San Fran- 
cisco may be taken as tbe nonnal type, showing the diurnal inequality, 
while that at New York, as at other ports on the Atlantic coast, is not 
sensibly affected by it. The explanation of this feature is probably to 
be found in the supposition that the tide-wave which advances up into 
the Atlantic Ocean from the continuous tide in the Southern Ocean ar- 
rives on our shores twelve hours later than the direct tide-wave which 
crosses the Atlantic from east to west. In this way the diurnal inequal- 
ity will be eliminated by the superposition of the two tides, the greater 
high water of the termer coinciding with tbe lesser of the latter, and 
vice versa, leaving the semi-dinmal tides of eqnal height. 
TIDE RE&lSTEflS 
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Tbe tide at Galveston, on tbe other baod, furnishes a case of the elim- 
ination of the semi-dinmal tide, leaving as a residual only the diurnal 
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iiieqaHlity. It is to be presumed in this iustance that tbe tides reaching 
GalvestoD through tbe straits of Florida and throngh the passage Ite- 
twecD Cubft and Yncatan differ by six boars in their periods, cansing 
tbe low water of one to coincide with tbe high water of tbe other, thus 
sensibly destroying tbe semi dinmal tides, except in so far as they are 
nnequal. This leaves a email tide outstanding, having substantially 
tbe form of tbe diurnal inequality, and pitidncing tbe appearance of the 
" single-day tide," or one high and one low water in every twenty-four 
hours. This resldaal fluctuation is well marked at times when the- 
moon's declination is considerable on either side of the equator, but dis- 
appears almost entirely when the moon is near the equator, since, at 
such times, the diurnal inequality disappears. Tides of this class have 
always a small range; in the Gulf of Mexico they rarely exceed two and 
a half feet, and the average rise and fall is but one and a h^lf foot. 

The tides on the coasts of tbe United States have beon specially in- 
vestigated by Professor Bache, tbe late Superintendent of the American 
Coast Survey. lu conaectioii with that work be organized an extensive 
system of exact tidal observations, for the purpose of ascertaining the 
complicated laws which govern the tides of the seas that wash our 
shores. It will be readily understood that in order to separate the 
effects of the different causes which modify the phenomena, it is not 
sufficient to obser^-e merely tbe heights and times of high and low 
water, bat that a continuous reconi of tbe tides is necessary, as the 
inequalities are constantly shifting their place and maguitude. 

TIDE-GAUGES. 

For this purpose a self-registering ttfle-gauge is used, by which a 
continuous curve, representing tbe successive changes in the height of 
water, is traced on paper, moved by clock-work, by a pencil actuated by 
tbe rising and falling of a float in a vertical bos, to which tbe tide has 
free access. The time-scale Is socb that every hour is represented by 
one inch, and is pricked into the paper by poiutsou the cylinder which 
moves the paper forward. The scale of heights is so adapted to tbe 
range of the tide at the place of observation that the extreme range of 
the curve will not exceed the width of tbe sheet — twelve inches. A con- 
tinuous sheet, sufficient for the record of a whole month, is put ou the 
tide-gauge at one time. A complete description of this instrument will 
be found in the United Stntes Ooost Survey Re|>ort for 1853. [The 
lecturer illustrated the construction of several tide-gauges by meaus of 
diagntms.] 

In northern ports interruptions are ex}>erieDeed in winter from the 
float-box becoming clogged with ice, and various devices have been 
resorted to for overcoming this difficulty. One of tbe most effective has 
been that of maintaining a tenitientture above freezing within the float- 
box by means of a simple heating-app.iratus. An ammgement of this 
kind has actually been used on the Fox Islauds, in Penobscot Bay. A 
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Btream of water 6ovs slowly from an elevated bogsbead tbrougb a coil 
ill a large stove, passes down to the bottom of tbe float-box and np 
again ioto another hogshead, from which it is pumped up every day by 
the observer Into tbe first one. As bnt a small elevation of temperature 
is necessary, this arrangement hss proved quite sufQcient. 

Another arrangement, devised by Mr. batchelder, of Boston, and 
called by him an "Arctic tide-gauge," is in use at Boston, and has com- 
pared well with tbe ordinary float-gaage. It consists of a strong iron 
tube, atwiit four inches in diameter, firmly bolted to a wharf or pjle. It 
is open at tbe top, and has at the lower end a nipple, to which an India- 
rubber bag is fastened; the length of the tube beiug sufficient to allow 
the elastic bag to be fllways submerged at the lowest stage of the tide. 
Tbe bag is supported by a suitable gbelf or cage, and is filled with 
glycerine, which is poured in at tbe top of the tube. When in this con- 
dition the glycerine rises and falls within tbe iron tube in proportion to 
die varying height and pressure of tbe column of water above the rub- 
ber bag, tbe difference in tbe height of the two columns beiug in pro- 
portion to the difference of tbe specifle gravity of the water and the 
glycerine. Tbe [mrts above described insure protectioa agaiust floating 
icCj and prevent congelation within the irou tube. 

A copper tube about three iucbes ia diameter, closed at the bottom 
and open at the top, is pbi<:ed within the iron tube, and floats in tbe 
glycerine ; if left free, it would rise and fall with tbe changing level of 
this liquid. The length of the central tube is a little greater than the 
whole range of the tide, 

Kear tbe upper end of tbe outer tube there are three spiral springs, 
fixed at tbe top and united at the bottom by a plate or disk,'froui which 
the central copper tube is suspended. From a stem fixed to the central 
(ube or float, and moving with it, a string or chain leads over a single 
pulley, and gives horizontal motiou to the iiencil-carriage of the record- 
ing-apparatas. 

Tbe distance that tbe central tube is to move vertically is adjusted to 
agree with the required rauge of tbe pencil upon tbe record-paper by 
placing within it suitable weights. 

As tbe glycerine rises or falls in tbe annular space between the iron 
tnbe and the central float, the spiral spring at tbe top is more or less- 
extended, tbe extension beiug uniform on account of the cylindrical form 
of the float. 

It is not necessary that the India-rubber bag be inclosed in a perfo- 
rated box, for the purpose of preventing oscillation, as it is always sub- 
merged, and the pressure upon it is equal to tbe weight of tbe column 
of water, having its base at tlie bag, and its summit at the moan level of 
the surface-waves. 

A tide-gauge, for observations on an open coast, has been devised by 
Mr. Henry Mitchell, of the Coast Survey. The graduated scale ou the 
float is read from the shore by means of a spy-glass, the top of tbe tube 
Berviiig as index-mark. 
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PEEDICTION OF TIDES. 

Self-registering tide-ganges have been kept in operation for a nnmber 
of j'ears at diSTereot points on both coasts of the United States, in order 
to obtaia from them the data for predicting the tides; and as a resnlt, 
tide-tables have been pnblished by the Coast Sarvey for somo years 
past, giving inadvauce the times and heights of high and Ion- water for 
all the priucipal ports iu the United States for every day in the year. 
In addition to this, the differences are given by which to find the same 
for intermediate ports. 

A very elaborate discnsaion of the tides observed at Boston dnring 
nineteen years, a full lunar cycle, has been made by Mr. William Ferrel, 
of the Coast Sarvey, and has resulted iu representing the actoal tides 
with unlooked-for precision. By the Introduction of the consideration of 
friction Mr. Ferrel has also succeeded in deriving a value for the mass 
of the moon, which appears to compete in exactness with the values 
obtained by astronomical methods. It is one seventy-seventh part of 
that of the earth. 

1!ARTHQUAKE-WAVES. 

The tide-gauges being in continuous operation, all other fluctuations 
of the oceau-level besides those produced by the tides are likewise reg- 
istered. The tide-curves of the western coast are frequently found in- 
dented by fluctnations arisiugfrom earthquakes. A remariiable instance 
of thiskind is given in the annexed diagram of earthquake- waves, which 

EARTHQUAKE WAVES AT FORT PT, AS RECOROEO ON THE 3ELr-RE01STEF[NS TIDE GA'JGE. 
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recorded the earthquake that destroyed the city of Simoda, in Japan, 
iu December, 1854. The uppercurve is a reduction from the tide-gauge 
register, while the lower shows the earthquake-waves separated from 
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tbe tidal ware. The time reqaired for the tranamissioa of the sea-wives 
from Simoda to Saa Francisco was twelve honrs aod tbirty-sis minutes. 
The distance beiDg4,500 miles, tbetransmissioD of tbe wave wasat an aver- 
agerate of SCO miles per boar. Tbe theory of wave-motion teaches as that 
this velocity will be attained by a free-moving wave in a do|>tb of l,4i0 
fathoms, which may be taken as tbe average depth of the Pacific Ocean 
between Japan and California. It will be observed that the crests of 
tbe waves occnr at intervals of aboat twenty-three minutes, correspond- 
ing to a length, from crest to crest, of 150 miles. The height when 
the waves arrived at San Francisco was about eighteen inches from 
hollow to crest, the high waves caused by the original impulse having 
gradually fiattened oat to that form in their transmission across the 
ocean. 

Tbe great earthqna};e which occurred in Pern, in August, 18GS, was 
likewise recorded on the tide-ganges at San Diego, San Francisco, and 
Astoria. The fluctaation of tbe ocean was so great in this instance as 
to be very sensible to casual observ'ation, and was noted in Australia, 
at tbe Sandwich Islands, and at Kodiak, in Alaska. The data obtained 
from these observations, combined with the result before mentioned, 
indicate that the average depth of the Pacific Ocean is about 1,800 
fathoms. 

MOVEMENT OP TIDAL WAVES. 

The waves above described, originating with an impulse at one definite 
point, and propagated freely through tbe ocean in every direction, with 
a velocity depending upon the square root of the depth of the sen, may 
serve as good illustrations of tbe manner in which tides are propagated 
through sounds, bays, and rivers. Tbe following table gives therateof 
motion for different depths: 

Depth in feet 10 Miles per hour 12.2 

" GO » ' " .mo 

» " 100 " " 38.7 

" " 1,000 " « 122.3 

" " 0,000 " *' 200.5 

Tbat movement of tbe ocean, however, which we have designated by 
tbe name of tide-wave, does not pa[;take of the nature of a wave in the 
common acceptation of the term, but it is rather to be conceived as a 
general movement of tbe water toward a point under the attracting body, 
and again away from it. Its periodicity is strictly dependent upon tbat 
of the attracting body. The velocity of tbe movement is about 1,000 
miles per hour on tbe equator; it extends to the bottom of the ocean, 
the depth of which is incoasiderable compared with the radius of the 
earth. It is not attended by a sensible elevation of the water in mid- 
ocean; and in this respect the characteristic of what we call a wave is 
absent. The movement may be likened to tbat of an impulse given to 
a very long rigid bar, as of iron. In this case, a sensible time will be 
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required for tbe traDsmissioQ of the impulse from ooe end to the other, 
and duriug its transmission the particles will successively approach to 
euch other, by which au inflDitesimal elevation aud sabsideuce, after 
tbe mauuer of a wave, will be produced. Id tbe same way the traos- 

nMES AND HEIGHTS OF TIDES ON ATLANTIC COAST OF UNITED STATES 




missiou of the movemeut through the incompressible water of tbe sea 
is attended witb au iufluitesiinal elevation and recession; bnt when the 
movement reaches shallow water, in approaching tbe shores, the hori- 
zontal motion is partly translated into vertical motion upon tbe sloping 
bottom ; aud it Is thus that tbe tides attaiu sensible vertical heigbL 
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Now, wfaeie n bAy or iDdentalion of the coast presents itself, opening 
favorably to the tide- wave thus developed, and decreases in width from 
its entrance toward its head, the tide rises higher and higher from the 
mouth npward. This is due to the concentration of the ware by the 
approach of the shores and to the gradual shoaling of the bottom. 

This effect is strikingly illustrated by a generalization of the heights 
of the tides on the Atlantic coast of the United States. That coast 
preMf Dts, in its general outline, as represented in the annexed diagram, 
three large bays : the great sonthern, from Oape Florida to Cape Hat> 
teras; the great middle, from Cape Hatteras to Nantucket; and the 
great eastern, from Nantucket to Cape Sable, now known as the Gnlf 
of Maine. It will be seen that the tide-wave arrives at abont the same 
time at the headlands, Cape Florida, Cape Hatteras, Nantucket, and 
Cai»c Sable, and that at those points the height is iDconsiderable com- 
pared with the rise at the bead of the several bays. Thus, at Cape 
Florida the mean rise and fall is only one and one-half of a foot ; at 
Hatteras, but two feet ; while at the intermediate entrance to Savannah 
it reaches seven feet, declining in height toward both capes. Again, at 
the bead of the middle bay, in New York Harbor, it reaches five feet, 
while on the southeast side of Nantucket Island it is little over one 
foot. The conflgnration of the eastern bay is less regular, and the cor- 
res|>ondence of heights is not so obvions. The recess of Massachusetts 
Bay is well marked, the increase in height reaching ten feet at Boston 
and Plymouth. Soiling on eastward along the coast of Maine, it con- 
stantly increases ; but the most striking effect of the convergence of 
shores is exhibited io the Bay of Fnndy. At St. John's the mean height 
of tide is niueteen feet, and at Sackville, in Onmberlaud Basin, thirty- 
six feet, attaining to fifty feet and more at springtides. 

When the wave leaves the open sea, its front slope and rear slope are 
equal in length and similar in form, but as it advances into a narrow 
channel, bay, or river, its front slope becomes short and steep, and its 
rear slope becomes long and less iDclined. Hence arises the fact that 
at a station near the sea, the time occupied by the rise is equal to that 
occupied by the descent j but at a station more removed from the sea, 
the rise occupies a shorter time than the descent. Thus, in Delaware 
Bay and Biver ve have the foUowiug relations of the duration and 
height of rise and fall : 
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An examination of this table will show, besides the marked increase 
in the height of the tide due to the cootractiou of the shores from the 
capes up to New Castle, a subsequent loss from friction in a uarrow 
channel of nearly anifonu character, and correspondingly a rapid propa- 
gation of the tide-vave through the deep water of the bay, and a com- 
paratively slow moremeot along the uarrower chaDoel of the river. At 
the month of the hay the duration of rise exceeds that of fall by ten 
minutes, while at Philadelphia it is less by two hours forty-two min- 
utes. When the tide is very large compared with the depth of water, 
this inequality becomes very great ; thus, in the Severn Biver, at Newn- 
haoi, above Bristol, England, the whole rise of eighteen feet takes place 
in one aud a half hours, while the fall occupies ten hours. 

TIDAL CCBBENTS. 

The agency of tidal currents in producing changes in the entrances 
of bays and harbors is a subject of the first importance to commerce 
and navigation, and has received full attention in the prosecution ot the 
American coast survey. The laws according to which the changes 
take place require to be studied by long-continued observation, and 
when the change is for the worse, the means of counteracting it must 
be poiuted out. 

As on the average the same amount of water moves inward aud out- 
ward with the flood aud ebb tides, we might readily suppose that the 
same amount of material is transported either way, and that no impor- 
tant change would take place in the configuration of the bottom. Bnt 
the operation of the flood-stream is very different from that of the ebb- 
stream. We have, as a general feature, an interior basin of some ex- 
tent, communicating with the sea by a comparatively narrow passage. 
The flood-stream, therefore, running with considerable velocity through 
this channel, will, as it enters the basin, spread out aud become slow, 
depositing the sand and mud it is charged with, aud making extensive 
flats or shoals opposite the eutrauce. The ebb-stream runs slowly over 
the flats from all directions toward the opening without removing much 
of tne deposit, and gradually concentrates in definite narrow channels, 
which it scoops out, and the depth of which will depend in a great de- 
gree on the proportion of the area of the basin to the outlet, or, in other 
terms, on the difference of level which will be reached during the ebb 
, between the basin and the ocean, which determines the greatest veloc- 
ity aud transporting power reached by the ebb-stream. 

On the bars of most of the sand-barred harbors on our southem coast, 
the place and direction of the channel are frequently changed during 
violent storms ; when the direction of the waves happens to be obliqae to 
that of the channel, or when the sea runs directly upon the channel, the 
depth of water may be considerably diminished for the time being by the 
sand rolled up by the waves. But in all these cases it is found that 
the normal depth is speedily restored by the scour of (he ebbtide, which 
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depeuds apoD the nnchanged factors of area and form of basio, heiglit 
of tide, and character of the material formlug tbe bar. 



EFFECT OF SI 



STONE-FLEET ON CHARLESTON BAR 




An InteiestiDg instance of this maintenance of the depth of chaouels 
from a determinate tidal basiu is furnished by tbe effecta of the ob< 
structioDS placed in the channel over Charleston Bar dnring the war of 
tbe rebellion. On tbe accompaDying diagram is seen the " atone fleet" 
sank io the main channel, which at that time had twelve feet of water 
at low tide where the figure 7 inilicatea the present depth. There was, 
moreover, another channel, making out more to tbe southward, with 
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niDfl feet of trater, wbere the figore 3 ia<)icate8 the present depth. The 
vessels were placed cbecker-nise, id sacb a maoner as to impeile oavign- 
tion, while interfering leastwith the discharge of the water, Tlieeffect, 
nevertheless, was the fonaatton of a sboal in a short time, and the 
scouring out of two channels, one on each si<le of the obstructinns, 
through which twelve and foarteeti feet can now be carried at low water. 
The increased wnter-way thos given to the ebb-tide caused it to aban- 
don the old nine-foot channel on the less direct course to deep water. 
We have here the total obstruction of a channel which was of consider- 
able importance to the soathward trade by new conditions introduced 
at a point fonr miles distant from where the effect was produced, nnd 
we are warned how carefully all tb6 conditions of the hydraulic system 
of a harbor most be investigated before undertaking to make any 
change in its natural conditions, lest totally unlooked-for results be pro- 
duced at points not taken into cousiderHtion. 

NEW YORE DABBOB. 

Approaching now more closely to the consideration of the tidal con- 
ditions in New York Harbor, we will examine the progress of the tide- 
wave through Long Island 8ound from the eastward to its meeting with 
that entering New York Bay at Sandy Hook. 



EW YORK HARBOR. 




Wo see from the annexed diagram that about seven and a half boors 
after the transit of the moon high water has advanced just within Block 
Island with an elevation of two feet, and at the same time has jn&t 
passed Sandy Uook with an elevation of four and a half feet. Trnvers- 

r C"itHlt^lc 
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fog the BOand at a rate indicated by tbo Boman flgnree, with JDCreasing 
heights iudicated by the Arabic uumeraU, it reacbea Sand's Point 
eleven and a half hours after the transit of the moon with a height of 
seven and seven-tenths feet. Tbe observed time of transmission front 
Qie Race ta Sand's Point is two hours one minute, and tbe time com- 
puted from the depths, according to the law developed by Airj-, is two 
hoars fourteen minutes — a very good approximation, wbeu we consider 
the irregularities in tbe conflgnration of tbe sound, which could not bo 
takeD into account. Advancing still farther, tbe height somewhat de- 
dines in consequence of the changes of direction in the channel and 
its shallowneBS. At Hell Uate this tide-wave is met by that which had 
entered at Sandy Hook, and advanced more slowly, owing to the nar- 
rowness and intricacies of the channel, especially in the East River. 

These two tides, which meet and overlap each other at Hell Gate, dif- 
fering from each other in times and heights, cause contrasts of water- 
elevations between the sound and harbor which call into existence the 
violent carreuts that traverse the Kast Kiver. The conditions of tbe 
tidal circulation through Hell Gate are such, that if there were a parti- 
tion across it, tbe water would sometimes staud nearly five feet higher, 
and at other times five feet lower, on one side than on the other. Id the 
actual case of the superposition or compounding of the two tides the 
difference of level existing at auy time is of course much less; but 
the differeDce of one foot is often observed within tbe space of 100 
feet iu the most contracted portion of Hell Gate, off Hallett's Poiot 
Beferriog now more particularly to the diagram representing New 
York Bay and Harbor, it isimportiint to observe that the entrance from 
Long Island Sound is a- natural depression or arm of the sea, which ia 
not changed by the forces now in operation. The tidal currents which 
flow through it do not change the channel, bat are obliged to follow it 
in its tortuous course. Tbe Sandy Hook entrance, on tbe contrary, is 
characterized by a cordon of sands, extending from Sandy Hook to 
Coney Island, intersected by channels, which are maintained against 
the action of the sea, that tends to fill them up, by the scour of the ebb- 
tide from the tidal basin of New York Harbor. 

Unlike Hell Gate passage, where permanence is the leading charnc 
terlstic, the bar and channels of Sandy Hook have undergone continual 
changes within the brief period of our history. The advance of Sandy 
Hook upon the main ship-channel is among the notable and important 
instances of tbe effect of tidal currents. Within a century it has in- 
creased B mile and a quarter. In the place where the beacon on the 
end of the Hook now stands were forty feet of water fifteen years before 
it was built. The cause of this growth is a remarkably northwardly 
current along both shores of the Hook, running both during the flood 
and the ebb tides with varying rates, and resulting from those tides 
directly and indirectly. 

The best wat«r over the bar is about two miles east of Sandy Hook 
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ligbt, ia a direct line with the swash channel, which ia the second open- 
iug — shown on the sketch — ahove the Hook ; the shoal b tug between 
the main or Hook channel and the swash channel being known as 
Flynn's Knoll. The greatest depth over the bar is twenty-two feet at 
mean tow water ; and very nearly the same depth can now be carried 
through the swash channel, which formerly was three feet shallower, 




bat has deepened since the cross-section between the Hook and Flynn'a 
EdoU has been diminished by one-third its area by the growth of the 
Hook. This relative change in the capacity of the channels has not, 
however, affected the depth on the outer bar, which, according to the 
principles above laid down, is dependent mainly npon the area of the 
tidal basin within. 

The depth of twenty-two feet at mean low water, which is now main- 
tained at the entrance through tbe sands constantly thrown np by the 
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iraves of tbe Bea, may be coosidered as depeDdine^ apon the following 
elements: 

1st. Tbe large baHin between Snndy Hook acd Stnten Island, inclnd- 
iug Rnritan Bay, wbich farnislies more than one-half of tlie whole ebb- 
sconr; 

2d. What is called the Upper Bay, indadiog tbe Jersey flats aud 
Newark Bay; 

3d. The North River, perhaps as far as Dobbs* Perry, maintaining 
tbe head of the ebb-current, although not directly taking part in tbe 
outflow ; aud, 

4tb. A portion of the sound tide, wbich flows in through Hell Gate. 

The proportion of tho three first divisions in producing the depth of 
channel may be approximately estimated by a comparison of the areas 
and distances from tbe bar. In order l« maintain tbe deptb wfaicb we 
now h»ve, it is important that the area of the tidal basin should not be 
encroached upon. In proportion as that is diminished tbe depth of the 
channels will decrease. 

The flats, just bare at low water, but covered at high tide, form as 
important a part as any other portion, for it is obvious that it is only 
tbe volume of water contained between tbe planes of low and faigh 
water — the " tide-prism " — that does the work in scouring the channels. 
The water on the flats is especially useful by retarding tbe outflow, 
thus allowing a greater difference of level to be reached between the 
basiu aud tbe ocean. 

When we yield to the demands of commerce any portion of the tida! 
territory to be used for its wharves and docks, we must do so with full 
cognizance of the sacrifice we are about to make in the depth of water 
over the bar; and in order to form any well-fouuded judgment iu re- 
gard to the efiect of snch encroachments, it is necessary to be in pos- 
session of the fullest knowledge of all tbe physical facts involved in 
the problem, and no measure of encroachment should be determined 
njiOD except in pursuance of tbe advice of scientific experts. 

A proposition frequently mooted by men of enterprise, and resisted 
by those interested in the welfare of tbe city of New York, is tbe occu- 
pation of the Jersey flats from Paulus Hook to Bobbins lleef for docks 
and wbar^'es. Without expressing any opinion as t« the relative value 
of the gain of accommodatioa for shippiog and the loss of depth in 
the channel, I venture to say that the withdrawal of that area from tbe 
domain of tbe tide would occasiou a loss of not less than one foot in 
the deptb of the bar off Sandy Hook, and certaiuly not more than two 
feet. 

Tbe part wbich tbe fourth division in oar classification of the basin 
of New York, that of tbe East River and Hell Gate passage, plays in 
the outflow of tbe ebb-tide through the Sandy Hook channels, depends 
less npon tbe area involved than upon tbe difference iu point of time 
and height of tide iu Hell Gate, already adverted to. The westerly 
lO 8 
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current, usually called the ebb-stream, siDce it falls In with tbe ebb- 
stream of New York Harbor, taking place \vhen the sound-tide is 
highest, starts from a level ot three aud a half feot higher than the 
easttirly, aod thas a much larger amount of water flows out through 
the Sandy Hook channels than through the narrows at Throg'a Neck. 
It is apparent, then, that this portion of the ebb-stream, re-enforcing as 
it does the ebb-stream of the harbor proper at the most f;tvorable 
times, performs a most important part in maintaining the channels 
through tbe Sandy Hook bar. It may be estimated that tbe closing of 
Hell Gate would cause tbe loss of certainly not less than three feet in 
the depth of those channels. 

From what has been said with regard to the meeting of the tides in 
Hell Gate, it will l>e seen that the violent currents experienced in that 
locality are dne to causes beyond onr control. The dangers to naviga- 
tion arising from these currents, however, by their setting vessels upon 
the rocks and reefs, may, in a great measure, be done away with by the 
removal of the obstructions, in which work considerable progress has 
already been made. The removal of the reef at Hallett's Point, the 
work upon which is now in progress, will doubtless, in a great degree, 
do away with the eddies and under-currenta produced by the sharp tnm 
which tbe channel now takes at that point. It is not improbable that 
the successful removal of those obstrnctioqs will yet cause the soond 
entrance to be used in preference to the other by the fleets plying 
between Enropean ports and the great commeicial metropolis of America. 

Note. — The readei irho wishes to eDier upon tbe matbeomtlcHl troalmont of the gnbject 
of tidM ia refeired to Airy's treatise on tides aod waves, aod In the memoirs of Wbewall 
and Lnbboclc, iu the Philosophical TreniBctiona of the Rojal Society ; end for iaveBti)^ 
tiooa of tbe laws of tbe tides on our own coasts, to the papers on that subject bj Bache 
and others in the annnal reports of the Coast Survey. Amoug; the latter, the lecturer is 
particakrly iodebteJ to the " Report on tbe tides end currents of Hell Gate," by Henry 
Mitchell, 18ST, iu nbich tbe complicated problem of tbe Udftl drculaUon of New York Har- 
bor is treated with great ability and success. 
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OBSEEVATIONS UPON THE ELECTRICITY Or THE ATMOSPHERE 
AND THE AURORA BOREALIS, MADE DURING THE SWEDISH 
EXPEDITION OF 1868 TO THE NORTH POLE. 



J Fiof. Seum Lemstrum, ijf lie L'ltivtriUji of Hdsingfon, itnland. 



There can be no savant now living wbo iB not convinced that polar 
light is a pheoomeDon dae to electric action in the upper regions of the 
atmosphere. Of the two theories which have been advaoced to esplain 
the phenomenoD, one of which seeks its origin exclusively in variations in 
the intensity of terrestrial magnetism, the other in the electricity of tbe 
air, the former must give place to the latter, since there are very many 
couviDciog proofs in its faror. Unhappily, oor knowledge of tbe electric 
state of the atmosphere in high polar regions is very limited; could it 
be extended, all doubts which now exist in regard to tbe subject would 
probably disappear. Tbe attempts made to discover the unturc of 
atmospheric electricity in the regions of tbe extreme north, have in gen- 
eral given only negative results, with the exception, however, of the re- 
searches made in the neigbborbood of Bossekop by French savants, wbo, 
by sending ap a kite or an arrow, attached by a conducting wire to an 
electroscope, to a vertical height of from 30 to 40 yards, have proved 
tbe constant presence of positive electricity ; bat, these observations are 
too few in nomber, and, were made in a latitude not sufficiently high to 
be conclusive. 

I. One of the most important of my objects in the physical researches 
of the expedition of 1868 was the study of tbe phenomena relating to the 
electricity of the atmosphere ; bat notwithstanding all my care, I ob- 
tained only negative results. As I am convinced that in every case I 
cottkl account for my want of success, I will briefly describe the experi- 
ments I attempted, in order to pass to tbe observations I had occasion to 
make in regard to tbe aurora borealis. 

Tbe first experiment, made on tbe 26tb and 28th of August, 1868, on 
a narrow tongne of land at Kobbe Bay, by means of tbe electrometer, 
gave no resnlt, although tbe observations were made several times a 
day, and even at night, at tbe same time that I observed tbe magnetic 
instruments. Expecting to find the cause of these negative results 
either in tbe insensibility of the instrument or in the nature of tbe lo- 
cality, which, closed on three sides by mountains, was open only on tbe 
side toward tbe sea, I determined to modify my instrument, and to look 
for a more open place for my observations. It was not until tbe 28th 
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of September, while tbe Sopbie was ancbored at Soathgatt, tbat I coold 
cfirry this project ioto execntioo. 

HaviDg made my el<!ctrouieter more sensitive, I went, on tbe day 
above mentioaed, between 11 o'clock and uooa, to au islaud situated at 
the mouth of the Soathgntt, and established my inatrumcat on the higb- 
est point of the island, 600 feet above the level of the sea. Notwith- 
standing these precautions I still obtained no certain result. This was 
possibly on account of tbe violence of the wind, which produced oscilla- 
tions in the electrometer, but other observations made on the 7tb of 
October at King's Bay were equally ntisuccessful. 

Althongh these experiments were too few in number, and too incom- 
plete to draw from them any positive conclusion whatever, I am con- 
vinced that this absence of electric manifestation was due to the peculiar 
constitution of the air in these regions. A glance over the bygrometric 
observations shows tbat tbe air was almost constantly satarated with 
moisture, and this moisture did not exist merely in the form of insensible 
vapor, but also as fog. Tbia circumstance rendered it almost impossible to 
isolate tbe instrument, and consequently to obtain the effects of the 
electricity of tension. We may at least conclude that there is do elec- 
tricity of tension in northern aerial regionswhicb approximate to a plain, 
but that the electricity rises through damp air into tbe higher regions 
of the atmosphere. I am incliued to believe tbat observations of the 
electricity of the air made on level ground will always give negative 
results. Elevated ground should be chosen, and an instmment which 
may be sent up into the higher strata of the atmosphere, sncb as the 
kite used by Franklin. 

Setting aside these incomplete eziierimeuts, which can only be of use 
as guides for fnture efforts, I pass to the observations upon tbe aurora 
bore alls. 

During the last days of September the Sopbie was anchored at Soath- 
gate, a strait lying between the island called Danes Island and the 
continent of Spitsbergen, at 79° 30' 7" of latitude and 11° 7' of longitude 
west of Greenwich. The gulf of which this strait is an outlet is sur- 
rounded on the north and south by mountains, those on the south about 
300 meters in height. At the mouth of this gulf lies the island above 
mentioned J to the east the view is limited by other mountains varying 
in height. Tbe Sophie was anchored close to the shore of Dnnskow, a 
littlo to the northwest of the island, at the month of the stmiU On 
returning from tbe island, where the iustrumeots for the magnetic obser- 
vations bad been deposited, I perceived upon the ridge of the mountain, 
to the south, a brilliant polar light rising from 10° to 15° above 
the mountain in undulating rays, distinctly defined, at tbeir base ap- 
pearing as a diffuse yellowish light, but higher up as vertical orange 
beams, while at the top they formed a series of sharp points. The rays 
bad an undulating motion, and the crest of the mountsiin was covered 
with a light fog, which tbo wiut' - •>viug from east-nortbeast to 
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tvest-soutbwest. Id a few momeDts the clond of mist passed tbe mount, 
ain and the rays disappeared, bat the crest of the mountain continued 
to be illuminated by a pale wauderiDg light, which floated along the 
monntaio, and of which it waanot easy to determine the character: still 
I was in no doubt, for tbe spectral analysis very clearly displayed the 
yellow ray discovered in polar light by M. Angstrom. I continued to 
observe the crest of tbe mountain, over which foggy vapors were pass- 
ing, allowing to appear from time to time tbe pale light 1 have described. 

At 11 o'clock 30 minutes the upper part of the fog, which presented 
very much the appearance of a clond with serrated edges, became iilu- 
niioated with a yellowish white light, in the course of a niomeut con- 
verted into yellowish and reddish rays, which extended with an uudula- 
tory motiou along the edges of the fog, following the irregularities in 
their minutest detail. The fog rose in the form of an arch about 10^ 
above the monntain, and tbe rays attained a height of from 1<P to lo^, 
which gives for the whole phenomenon an elevation of from 20*^ to 25° 
above tbe horizon. At the same time there began to appear at the 
north an indistinct combiuation of the brilliant edges of clouds, among 
which I clearly distinguished one, from which proceeded a distinctly- 
marlied yellow raj, seeming in appearance to connect this cloud with 
another. The rest of the sky was covered with fillets or bands of light 
clouds, passing over the zenith from tbe east to the west and allowing 
the stars to appear at intervals. 

The day following, tbe 2Cth of September, having observed the crest 
of the mountain with attention, I found it was almost entirely covered 
with snow, except at one or two places, which seemed to be those at 
which the night before the light had ap[>eared with least intensity. 
The evening of the same day the phenomenon was again mnnifest^^d, 
but with some modifications. A little below the horizon to the south- 
west, almost opposite the promontory or headland which terminates the 
mountain, appeared a seriesof clouds wboseupper edges werestrongly illu- 
minated with a diffuse yellow and white tight, which was very intense 
on tbe edge of the cloud at the extreme western end of the series, but di- 
minished in brilliancy along the edges of the clouds until at the eastern 
end, where tbe last cloud seemed to melt into the headland, it was 
hardly perceptible. Very soon rays appeared, similar to those observed 
the night before, which seemed to proceed from a mist lying along the 
crest of the mountain, but somewhat back of it. This time tbe [ihe- 
nomeuou seemed to take place at a much greater distance than during 
tbe preceding observations, but the form and color of the niys were the 
same; and I again, with the spectroscope, obtained the yellow ray as 
well from tbe light emanating from tbe edge of tbe clouds as from that 
proceeding from the rays themselves. 

On the 27th of September, after having observed in the momiLg a 
radiation of yellowish-white light proceeding from one edge of a cloud 
which stood out prominently from a wall of clouds, I perceived in the 
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evening, at 11 o'clock 30 miDnteB, a pale, iraiidering light moving dis- 
tiiictl; along the ridge of the mountain. The light Rppeared for a few 
momeDts in the form of rays of a clear and brilliant ydlow, following 
every detail of the ainnosities of the mountain. The pale glimmer chF 
light seemed to follow the ridge of the monntaio, and I was coDrince<I, 
flora the movement of the miets, that the luminous phenomenon was 
formed upon the ridge itself. 

On the 30th of September, at Oh. 30 m., I witnessed on the Island of 
Amsterdam a very intense luminous phenomenon, during which every 
peak and ridge, the most elevated, was illuminated with a pale light, par- 
ticulariy when covered with a vail of mist. We could cleariy distingaich 
the contour of the mountains, and above them an effect of light, whieb 
frequently rose to a great height, and ended by gradually dlmiuishinK iu 
intensity until lout in the npper strata of the mist. This light appeared 
during the whole of the harvest season, while we were stationed at 
Spitzbergen. Upou some peaks, overiobking a glacier which descends to 
the very bottom of Smeerenburg Bay, the light was still stronger. We 
even perceived upon one point reddish rays resembling flames, in which 
the spectroscope evidently indicated the presence of the yellow ray. 
On the days when this phenomenon was observed the wind was very 
strong, with a variable direction difficult to determine. We were, how- 
ever, sure that there were two contending currentsof air — the one from 
the north or east, the other from the south or west. 

While the Sophie remained at Kingsbay, dnring the first fifteen 
days of October, every night fog-like mist covered the sommits and ndgi;s 
of the mountains, and tbeir brilliancy seemed to increase as the season 
advanced. Besides this general phenomenon, we observed ou the 9th 
of October, at 5b. in the morning, abrilliant polar light iu the sooth, about 
1,000 feet above the chain of mountains, which gradually faded away 
toward the north. A similar light appeared on the 1 1th of October and 
on the 12tb, beneath a cloud upon the mountains, ready to be dissolved 
into Buow, appeared a pale-yellow light with points at its edge. This 
luminous phenomenon had an undulatory movement, iu a^ldition to the 
forward motion given to it by the course of the clouds toward the west. 
Soon the light disappeared, and was replaced by a light fall of fine snow. 
On the 14th and 15th of October, in the evening, a cloud appeared, (ou 
the 14th in the west-southwest, and on the loth in the southeast, from 
the upper edge of which, when at a sufficient height above the horizon, 
emanated an intense yellow light, soon transformed into rays of genuine 
polar light, yellow at their base and red at the top. These rays, which 
moved with the cloud, rose with it nearly to the zenith, where they 
tended to form a crown. 

On the entrance of the Sophie into the Norwegian archipelago, on the 
evening of the 18th of October, we saw some patches of polar light scat- 
tered here and there over the sky, in the north and east, which after- 
ward formed a continuons ring aroand the horizon. The rays of this 
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ring gradually elongated, and snddenly meeting aroand tbe zenith, 
formed for a few momenta a boreal crown of perfect regnlarity and the 
moat brilliant colors. 

On onr arrival at Tromso, I examined with the spectroscope a beauti- 
ful polar light, which appeared on the 2Ist of October, commencing at 
the north. Tbe first rays clearly displayed the yellow ray in qoealion. 
The phenomenon becomiog more brilliant, a variegated baud was formed 
toward the south, of yellow, red,aDd green, wblcb gave, let, the yellow ray; 
2d, in the blue part, a very distinct and very clear ray ; 3d, two lines of 
the breadth of a hair, showing very decided borizootal stripes by the 
side of the yellow. I ought to say that the yellow ray io every case 
seemed to me peculiar in t>eiug variable in ibteusity ; sometimes more, 
sometimes less vivid. On the 27th of October, we were enabled to de> 
termine more accurately the position of the rays, and we found that the 
yellow line fnrnished by the yellow light of chloride of sodiom was 
Gl.O ; in tbe auroral light, the yellow line waa at 70.0 ; the blau at 6a.90. 
The first of the shaded lines at 125.0 ; and the second shaded line at 
abont 105.0. 

II. Admitting, in general, the mostof theopinions advanced in the work 
of M. Loomis, in regard to the aurora borealis,* which, in many respect^ 
accord with the theory given by H. de la Bive, and supported by experi- 
ment, I have still, after the observations described, some doubts in re- 
gard to certain parts of this work, especially those which relate to the 
particular nature of the phenomenon. 

Tbe fact that polar light is an electric phenomeuon, taking place in 
the atmosphere, is well established by the analogy which exists between 
its eflccts and those of electric currents. It produces, as they do, per- 
tarbations of the maguetic needle and corrents iu a good conductor. 
The luminous phenomenon itself exactly resembles the light produced 
by electric discharges in a damp atmosphere, or betweeo two electrodes 
placed in rarified air. The results of sjiectral analysis, as well as those 
discovered by M. Augstiom, and the new rays I have described, give 
further proof of the electric origin of polar light ; for, iu order to obtain 
a spectrum with a gas, the latter most be incandescent, and electricity 
is the only source of heat which can produce this incandescence in the 
aerial molecules and other particles which constitute the atmosphere. 

The question as to tbe height at which polar tight is manifested has 
been the subject of much controversy. From observations made in 
America with grent cnre and in several separate localities, M. Loomis 
calculated the height of the beautiful aurora borealis of the 2d of Sep- 
tember to be at its lower limit 45 to 50 English miles, and at its upper 
limit fh>m 400 to 500. Mr. Potter, iu England, in 1833, gave, as height 
of the aurora, G3 mites, and Dalton, in 1826, estimated it at 100. Dur- 
ing the French expedition, from 1838, 1830, observations made simulta- 
neously at two stations — Bossekop and Jupwig — gave GO to 100 miles 
'SiniibaoDiaaUepurt for ItMiS. 

ulzedbyGoOgle 
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as the height of the anroia. Polar light, however, has been often ob- 
served at much less height. Farquharson, hy means of observations 
made at two distinct places, a mile apart, found a height of !J,4S1 Eng* 
lish feet; and Captain Parry saw, ou one occasion, polar light prodaced 
between the place where he was stationed and a mountain only abont 
3,0<10 yards distnnt. The French observations made at Bossekop equally 
proved the existence of polar light between the place of ol)servation and 
a neighboring mountaio.* 

Although M. Loomis and M. Bravais himself believe that observa- 
tious which give so low a height to polar tight are erroneous, and the 
. result of an illusion, I caunot agree with them, and I can oSer in sop- 
port of my opinion the phenomenon I obser^'ed on the I8th of October, 
18CS, at ttie entrance of the Norwegian archipelago, when the whole 
borizou was covered with rays, which were soon united around the 
magnetic pole, forming a regular crown. All the phenomena I have 
observed and described in regard to the illuminated edgen of clouds, 
show very plaiuly that in these cases the polar light waa produced lu 
the regtou of clouds, and even lower. Moreover, we know by numelvas 
observations that the number of storms accompanied by lighttiiug and 
thunder diminishes considerably iu proportion as we approach the polar 
regions, so that at 7<P they no longer occnr. Must we then conclude 
that iu these regions the clouds are completely deprived of electricity f 
Certainly not, bnt only that the electrical discharges are made in sotne 
other way. I have on several occasions observed discharges, accom- 
panied with electric light, proceeding from scattered clouds or banks of 
clouds such as produced true polar rays, and still more frequently I hate 
seen the edges of clouds illuminated with a yellow light. But, however, 
in these high latitudes electricity is discharged not only by clouds, bat 
also directly by damp air, as takes place in winter in the temperate 
zones. A great many direct observations prove the existence of slow 
discharges of this nature, and very remarkable confirmation is given of 
it by M. Angstrom, who on one occasion proved the presence of the 
yellow ray of polar light over almost the entire sky. 

If it is well established that the phenomenon of polar light has its 
source iu the electricity of the air,itfollows that its appearance depends 
less ui>on terrestrial magnetism than has been hitherto supposed. This 
may exercise a direct action upon the discharge alreatly produced, bat 
cannot coutribute to its production, which must depend upon certain 
couditionsof the different strata of air. Although terrestrial magnetism 
has an intlnence upon the twsition of the luminous bow of polar light, 

*M. A. W. Maliu, iDlendsnt of tbe Museum of Ootleuburs, relotea, in a deBcription of a 
journey mcido in I84j in tbe Laplauils of SirodeD and Korway, tbst, duriu); un eicanioa 
from KlHunu to Lyugen on tbe night of tlie lUtb of Marcb, be observed, at r )iei(;ht of 3,000 
feet, witb (he temperntuTeat 40 def;rees below r^ro, a polar light between biiii^lf aiiJ the 
ueigbboriog loouutiiiiis, aod heard a crackling Bound nbiuh occompouicd it. 
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tt is difficult to believe, with Hansteen and Bravais, tbat tlie iH)sitlou of 
Uiia bow is determiued solely by the magnetic |>o1e. 

Tbe apex of tbe i)olar bow is rarely in the exact dir«ctiou of tbe needle 
of decliuatJOD. Of two huudred and tweuty-six observations of tbe }>osi- 
tiou of tbe aziiniitb of tbe luminous polar bow, 36 out of 10<> placed it 3GO 
more to the west, 3'2, 10° to 20°, 7, 0° to 10°, and 4, 0° to 260 to tbe east ; 
from wbicb it is evident tbat tbe position of the bow varies over a space 
of from 25 to 30° and niore. These variations are very great to be 
explaineil by accidental perturbations in terrestrial magnetisui, particn- 
larly as tbe greatest deviation in magnetic declination — that is, from 6° 
to about 7° — observed occasionally in polar regions is due to polar ligbt 
itself. 

We may then consider it certain tbat terrestrial magnetism relatively 
plays but a secondary part in the phenomenon of polar light ; tbat tbis 
part eseentially consists in a directive action ui>on tUe rays of tbis 
light, and in a rotary movement imparted to these rays — facts positively 
demonstrated by the experiments of M. du la Rive. 

Tbe formation of the auroral crown, which takes place when polar 
tight is very intense and its rays are united around the magnetic zeniib, 
is generally supposeil to be an effect of persi>ecttve. When a certaio 
number of polar rays, parallel to the direction of the needle of inclina- 
tion, are projected to a considerable height, they ought to appear to 
unite around the magnetic zenith ; but the aspect they present should 
be rather tbat of a lengthened point or a funnel, according as the ob- 
server is placed on one side or in the middle of the phenomenon. In 
polar regions it often haptens tbat the polar rays start from all parts 
of the horizon, which is tbe case when the observer is within tlie ring. 
If then tbe crown was a pbenomenon of perspective, tbe rays should 
appear to unite at a rather sharp angle. Now, tbis Is by no means the 
case, for tbey form a vault, resembling very much the cupola of a church. 
Although my experience is not sufBcient for me to make a positive 
assertion, I am strongly inclined to believe that, under the influence of 
terrestrial magnetism, and perhaps also through tbe effect of the con- 
ductiug power of tbe medium, tho rays of light undergo a flexion, the 
result of which is to unite thera really, uot mei-ely in appcanince, in the 
upper parts of the atmosphere. In proof I may cite tbe polar bght I 
observed on tho ISth of October, under the 17th degree of latitude. 
The rays starting from all parts of the horizon foimed an immense 
ring, and united around the magnetic zenith, where tho crown was 
formed in a perfectly regular manner, presenting the appearance of a 
flattened cupola. However, the experiments of M. de la Itive, which 
have demonstrated the influence of magnetism upon electric light, un- 
der circumstances almost identical with those presented by polar light, 
furnish no proof that the rays of tbis light are really united under this 
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Polar light, considered as an electric discharge, produces the follow- 
ing results:* 

1. An electric current, prodaced by the discbarge Itself, which takes 
place slowly. 

2. Kays of light consisting of an infinite numberof sparks, each spark 
giving rise to two currents of iudaction, proceeding in opposite di- 
rections. 

3. An electric current, proceeding in an opposite direction fVom that 
of the charge, and originating in the electro-motive force, discovered by 
M. Ediuud in the electric spark. 

In order to develop these cnrrents, a closed circuit is necessary. It 
is true that in the phenomenon of polar light this <loes not properly 
exist, but in that case the earth on one hand, and the rarefied air of the 
upper regious of the atmosphere on the other, are immense reservoirs 
of electricity, which produce the same effect as if the circuit was closed* 

According to the theory of M. de la Uive, the positive electricity of the 
air, discharging itself into the ground, produces a current I will call 
pnncipal; this current is re-enforced by one of the currents of induction, 
which M. Ediund has shown accompany the productiou of the electric 
spark; that is to say, theoue which, going in the opposite direction from 
the charge, can alone acquire a certain degree of intensity. But this 
principal current thus re-euforoed is counterbalanced in part by the one 
which has the contrary direction, and which produces the electro- motive 
force of the spark. We see by the observatious made with telegraph 
wires during the appearance of polar light that it is sometimes the one, 
sometimes the other of these two cnrrents which gains possession of the 
wiro, the first being generally predominant, since it bas been observed 
that the current given by telegraphic wires is more frequently directed 
from the north to the south than from the south to the north. 

Under the circumstances which accompany the production of polar 
light, the latter contains in itself all the conditions necessary in order 
that magnetism may act upon it; for a ray of this light constitutes a 
current, flexible throughout, and conseqnently obe<lieut to the law dis- 
covered by Plucker, according to which snch a current necessarily takes 
the form of a magnetic curve. It is here we should look for the caase 
of the formation of the crown, taking at the same time into considera- 
tion the vaiiations in couductibility of the rarefied air of the upper 
regions of the atmosphoro. 

Wheu anarch of pohir light appears, wo consider that it forms jrart 
of a radiant ring, whose center coincides very nearly with the mag- 
netic pole. The rays of this ring are parallel to the direction of the 

• Tlie author procedeB this part of hia work witL ihedoBcripiion of an cipcrirrnnl, In wbkb 
be Irki], but UDSuccrasfuDy, the actlan of a magnet npon a series of disi-liargcs prodnc«d 
by Holtz's machine undi^r corlHin conditions. We omit this dcscriptiuu, aa it would he nn- 
intFllieiblo without a figure lo illuslrate it, and it it not of i^reat impoilunce, since the resulta 
of the experiment wore DegatiTe. 
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needle of incliDation, and onght coDseqaently to diverge ftom all 
sides; a circamstance unfavorable to tbeir DDiou Id perspective at tbe 
magDetio zenith. But it is not proved that tbe radiation has always for 
center tbe magnetic pole ; it may very well have another central poinb, 
as was the case daring the observation I made on the 18tb of October. 
On that occasion, in fact, tbe ring could not have been completely visible 
if it had had for center the magnetic pole. Besides, this variation of posi- 
tion ia more in conformity with the manner in which the electric charges 
operate, and with the peculiarities observed in the local appearances of 
polar ligbt.^ 

Returning to the lights observed aronnd the elevated peaks of the 
Spitzbergen, I ought to say that this phenomenon btis been noticed be- 
fore. I'he learned philologist of Finland, Cnshen, witnessed it in bis 
journeys to Siberia, and his description of it exactly accords with what 
1 have myself observed. Similar light has been seen in South America 
above tbe peaks of tbe Cordilleras, and in several other localities men- 
tioned by M. Delleman. The Archives det Sciences physiqves et natu- 
relles (tome xxxi, p. 15) contain an article by M. H. de Sanssure, in 
which are described a great number of pbenomenii, belonging, withoat 
doabt, to the same category. Bat it is in tbe arctic regions, above all 
others, that we find circumstances most favorable to observations of 
this kind, and it is much to be desired that future expeditions will un- 
dertake them. 

If we seek for tbe reason vhy the clouds of the upper latitudes dis- 
charge themselves under the form ot polar light, and not that of thun- 
der and lightning, we find it in tbe permanent humiiiitg of tbe air. The 
bygrometric observations, made during tbe expedition of the Sophie, 
show that tbe air is constantly saturated with aqueous vapors, which 
condense frequently into clouds, more rarely into rain. - It is clear that 
this stratum of humidity, a good conductor of electricity, determines 
a slow discharge. If between tbe poles of an electrical machine, not 
sufBcieutly near together to produce a discharge, we project, by means 
of an atomizer, some water in spray, we see tbe discbarge under tbe 
form of brilliant rays. It is the same in a gla.ss cylinder in which tbe 
air has been rarified by several strokes of a piston, a rarefaction suf- 
ficient to produce a mist. Tbe discharge, which at first appears as a 

"The author remarks Wre tbat tbe appearaoce of polar lii;Jit ie alwnjs accompatilpd by a 
d&rL legnieiil. throniib whicb the stAra are yisible. He nienticua in this coDDeclioii tbe ex- 
petimenl of M. do la RiTe, nho, m transmitting tbe dlsi-bnr^i of uu iuiluclioiicnll ttiroDgh 
veiy rarefied air, proved tbe eiislence of a very remark hUIk ilnrk baud near Ihu ne^tive 
electrode. Tlie aathor cites an experiment made by himself in the prescoco of M. Ediund, 
dnriojf whicb he ohtained by meaei of an electrophorus, in a tube of very rarefied air, a 
bloish light, followed by a dark band slrongty marked around the no^tive olectrode, and a 
kind of crown of rays arouud tbo poiitive electrode. In the pheuomeooD of polar light, the 
earth constitntes tbe negative electrode, the rarefied air of the liij^her reglona of the atmo- 
sphere the positive electrode, and the dark segment bears a tiiroug rcaemblaDce to tb* dwk 
baud of tbe preceding eiperimeut. 
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spark, is gradaally traoaformed into a InmiDous carrent, exbibitiog the 
onlinary colors observed Id polar light. 

Tlie more tbe relative degree of the humidity of the air increases aa 
augmeatatioQ, which at the surface of the earth proceeds from the 
equator to the poles, the more easily the electric discharge acts under 
tbe form of polar light. But there may be a limit heyood which the 
humidity is so great that tbe discharge takes place without the accom- 
pauimeut of light. Such woaldeeem to be indicated by the table prepared 
by M. Loomis, of the geographical extension of polar light ; according to 
which there must he a zone, comprised between the 68th and 76th de- 
gree of latitude in Europe, and between the 50th and 64th in America, 
in which the greatest number of phenomena of polar light are produced. 
This very interesting peculiarity has heen proved by observatioos made 
during our expedition ; at Spitzbergen the polar light always appeared 
to tbe south, while at a lower latitude, the 69th degree, it apiwured at 
the zenith or to the north. 

I now return to the question of spectral analysis ; and for the moment 
notice only Ibe mobility, so martfed, of the light of the yellow ray, 
which seems to indicate a disconiinnous lamiuons source which is evi- 
dently formed by au infinite Dumber of sparks, Bucceedtug each other 
in rapid succession. 

A^ to tbe crackling or rattling noise which accompanies the appear- 
ance of polar light, I cannot say anything positively, since, on the oc- 
castons when 1 made my observations, the combined noise of the sea 
and the wind was of such a nature as to drown the faint crepitation of 
an electric discharge. It is very probable that such a noise can be heard 
under certain circumstances, for instance when tbe discbarge takes place 
at a minimum height, and also when it is made between small particles 
of ice, which produce longer, and consequently stronger, sparks than 
those formed between particles of water. As these circumstinces which 
are necessary for the production of this sound rarely occur, we can nu- 
derstuud why observers do not agree in regard to the fact of its exist- 
ence. 

Some remarks upon the memoir of M. Lemstrom, by Professor De la Rive, 

I find in the observations made by M. Lemstrom, in the polar regions, 
such a complete confirmation of the views I have expressed on several 
occasions in regard to the cause and explanation of polar auroras, that 
I cannot refrain from noticing very briefly some of the points upon which 
observation and theory completely agree, I have generally found myself 
in accord with observers, whether such as Parry, Franklin and Itoss, or 
Bravais and Martins; it is rather between the theorists and myself that 
there has been occasioaally some difl'erence. I ought to thank M. Lem- 
strom for the pains he has taken, on every occasion, to mention my ex- 
periments, and the consequences I have deduced from them, the accu- 
racy of which he has confirmed. 

. .;z=..,C00g[c 
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M. Ivemstrom prores by a great Diiinber of fitcts, Bupported by incoo- 
teatable reasoniug, that polar liglit is due to atmospberic electricity, of ' 
wbich lie bas proved the preseuce in the polar regions, often in the 
region of clouds, and sometimes eren nearer thn earth. He shows, as 
I have ilone, that this light is the consequence of electric discharges, 
which iu these regions, constantly pervaded with humidity, operate in a 
slow, continuous manner, instead of instantaneously by shocks producing 
lightning, as takes place in equatorial regions and middle latitudes. 

He shows, with truth, that terrestrial magnetism, to which an esag- 
gerated importance has been attributed, in the production of polar light, 
has only a very secondary part in this phenomenon. This part consists 
simply in giving to the luminous electric jets a certain direction they can 
follow because of their flexibility, which depends upon whether the 
medium through which they pass is gaseous. In support of his views in 
this respect, he refers to my experiments, by wbich I have demonstrated 
this influence, and the law bywbich, according to Plueker, it is governed. 

One very essential point upon which M. Lemstrom insists, and which 
has been noticed by several observers, particularly by Bravais, is that 
the crown formed in some cases by the rays of polar light is very far 
from having always for center the magnetic zenith ; that is to say, the 
vertical line passing through the magnetic pole of the earth. In fact, 
although the formation uf this crown depends upon the directing influ- 
ence of the magnetism upon the electric currents which form the lumin- 
ous jets, and is not, as M. Lemstrom very well proves, a simple effect 
of perspective, it must also depend upon the direction of the passage 
of the electric discharges through the atmosphere, a direction wliicb 
itself changes with the conductibility more or less variable of the differ- 
ent atmospheric strata, so that the united effect of these two inflnences 
ought to give to the rays a cnrvatnre and a position which cannot always 
be the same. 

In short, the electric discharges which take place in the polar regions 
between the positive electricity of the atmosphere and the negative 
electricity of the terrestrial globe are the essential and only causes of 
the formation of polar light — light, whose existence is independent of 
that of terrestrial magnetism, which only imparts to it a certain direc- 
tion, and io some cases a movement. These views I have always main- 
tained in opposition to those who think they find in terrestrial magnet- 
ism, or rather, in the currents of induction wbich it can develop, the 
origin of polar light. 

I will not dwell upon varions interesting circumstances, such as the 
presence of a dark segment at the base of the luminous arcs of the 
aurora borealis, in which M. Lemstrom sees, as I do, an analogous effect 
to tbe dark band produced at the negative electrode, in electric dis- 
cbarges through rarifled air ; or such as the influence of particles of ice 
suspended in tbe atmosphere, which I have also noticed. I will confine 
myself to one point which, I confess, had completely escaped me, and 
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wbicb is of great importance. Although, in my theory, tJie terrestrial 
curreDU which result from the electric discbargea, the cause of polar 
light, ought to be direcU^d from the north to the south, some are ob- 
served, either in the telegraph-wires or Id their actiou opoD the needle 
of the compass, which have a coDtrary diroction, that is from the south 
to the uoFth. The former, it is true, are much the more DumerouH and 
the more loteDSe; but still the latter are apparent from time to time. 
M. Lemstrom attributes them to the currents of induction, and the elec- 
tro-motive force which accompanies always the production of an electric 
spark, as M. Edlund discovered. He considers in fact, and with reason, 
the electric discharges which constitute polar light, as a series of an iu- 
floite number of sparks, and iu this fact found a satisfactory explanation 
of the esisteuce of currents in an opposite direction from tliat of the 
principal current, which is from north to south. 

Tbe pemsal of M. Lemstrom's article, while confirming me in the theo- 
retical views T have advanced in regard to polar auroras, has shown me 
that there still remain many points to be explained of this interesting 
subject, especially in what concerns the propagation of electricity in 
air more or less damp, and reduced to a very low temperature and the 
influence of a very strong magnetism upon the electric discharges taking 
place under these conditions. I intend to pursue the subject with dili- 
gence. 
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Bv Alphonse db Candollb, 
Q^ 0<neva, SmtierUml.' 



At tbe period of tbe BeaaisBance, Latia was the laDguage employed 
by all the learned men of Europe. It bad been carefally preserved by 
tbe Bouiish Church ; and not ooe of tbe modern languages presented, at 
that time, a suffieiently rich literature to become its rival. Bnt at a later 
period tbe Reformation disturbed the unity of tbe IComish influeuce. 
Italian, Spanish, French, aud English gained snccessively regular idi- 
oms, aad became rich in literary productions of every kind ; and at last, 
eighty or one buudred years ago at most, the progress of science caused 
Uie inconvenience of the use of Latin to be felt. It was a dead langnage, 
and, in addition to that, was wanting iu clearness, owing to its inver- 
sions, to its abbreviated words, aud to the absence of articles. There 
existed at that time a general desire to describe tbe numerous discover- 
ies that were being made, and to explain aud discasa them without the 
necessity of seeking for words. The almost universal pressure of these 
causes was tbe reason for the adoption of modern languages iu most 
sciences, natural history being the only exception. For this, Latin is 
still employed, but only in descriptions — a special and technical part, 
where the number of words ia limited and the coustruction very regalar. 
Speakingtrnly,whatnatnralistsbavepreBerTedi8tbe Latin of Linnteus, 
a language in which every word is precise in meaning, every seutence 
arranged logically, clearly, and in a way employed by no Soman author. 
Linnieua was not a linguist. He knew but little even of modern lan- 
guages, and it is evident that he struggled agaiust many difficulties 
when he wrote iu Latin. With a very limited vocabulary and a turn of 
mind which revolted equally from tbe periods of Cicero aud the reticence 
of Tacitus, he knew bow to create a langnage precise in its terms, ap- 
propriate to tbe description of forms, aud intelligible to students. He 
never made use of a term without first defluiug it. To renounce this 
special language of the learned Swede would be to render descriptions 
less clear aud less accessible to the aavantt of all nations. If we attempt 
to translate into tbe Latin of Lianteos certain sentences in modern 
floras, written in English or Oerman, we quickly perceive a want of 
clearness. In English, the word tmootk applies equally to glaber and 

'*Tbe filih chapter of the Histolre Jm scieaceset dea BavsntB depuis deux bi^Im, tjvo, 
Oeo^Te, JRT3. IiondoD, Dalan. Traoalated by Hiss Mieis, hj permUaion of the aathor. 
Ami. &. HBg. N. Hiat., «er. 4, vol. zi. 
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Iwvig.* In German, the constraction of sentences indicating generic or 
other characters is sometimes so obscure that I have found it impossi- 
ble, in certain cases, to have tliem pot into Latin by a German, a good 
botanist, who was better acqaainted than myself with both languages. 
It wodUI be still worse if authors had not introduced many words purely 
Latin into their language. But, exclnsive of paragraphs relative to 
characters, aud wherever snccessive phenomena or theories are in ques- 
tion, the superiority of modern languages is unqacstionable. It is on 
this account that, even in uatnral history, Latiu is every day less em- 
ployed. 

The loss, however, of the link formerly established between scientific 
men of all countries has made itself felt. From this has arisen a very 
chimerical proposal t« form some artificial language which should be 
to all nations what writing is to the Chinese. It was to be bused on 
ideas — not words. The problem has remained quite devoid of sniation ; 
and even trere it possible, it would be so complicated an affair — so im- 
practicable and inflexible— that it would quickly drop into disuse. 

The wants and the circumstances of each epoch have brought abont 
a preference for one or other of the principal European languages as a 
means of communication between enlightened men of all countries. 
French rendered this service during two centuries. At present various 
causes have modified the use of this language in other countries, and 
the habit has been almost everywhere introduced that each nation 
should employ its own tongue. We have, therefore, entered Hi>on a 
period of confusion. What is thought to be new in one country is not 
so to those who read books in other langaages. It is vain to stndy liv- 
ing languages more and more ; you are always behindhand in the com- 
plet« knowledge of what is being published in other countries. Few 
persons are acquainted with more than two languages; and if we try 
to pass beyond a certain limit in this respect, we rob ourselves of time 
for other things ; for there is a point at which the study of the means 
of knowledge hinders our learning. Polyglot discussions and conver- 
sations do not answer the intentions of those who attempt them. I a;n 
persuaded that the inconvenience of such a state of things will be more 
aud more felt. I also believe, judging by the example of Greek as nsed 
by the Itomans and French in modern times, that the need of a pre- 
vailing language is almost always recognized ; it is returned to from 
necessity after each period of anarchy. To understand this we must 
consider the amses which make a language preferable, and those which 
spread its employment in spite of any defects it may possess. 

Thus, in the seventeenth and eighteenth centuries, motives existed for 
the employment of French in preference to Latin throughout Europe. 
It was a language spoken by the greater part of the etlncated men of 

* The woid glattr, in botsnj, meatu bald or uol bniry, which ia applied to nther parts 
as nell as the head j and lavis, smooth, not ronicb ; but I koow ibey have both been care- 
lessly treoslakd " smooth," as M. de Candolle iioplIeB.T-J- E- 0. 
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the period — a language tolerably simple and very clear. It had an ad- 
vantage in ica resemblance to Latin, which was then widely known. 
An Etiglishman, a German, was already half acquainted with French 
tbrongh his knowledge of Latin; a Spaniard, an Italian, was three parts 
advanced in his study of the laDguage. If a discussion were sustained 
in French, if Ijooks were written or translations made in this language, 
all the world understood. 

In the present century, civilization has mncb extended north of France, 
and {Ktpulation has increased there more than to the south. The use of 
the English tongue has been doubled by its extension into America. The 
sciences are more and more cultivated in Germany, in England, in the 
Scandinavian countries, and Buasia. The scientific center of gravity 
has advanced from the south toward the north. 

Under the influence of these new conditions, a language can only be- 
come predominant by presenting two characters: first, it mast possess 
sufficient German and Latin words or forms to be within i«acb at once 
of the Germans and of the people who make use of Latin tongues ; 
secondly, it must be spoken by a considerable majority of civilized people. 
In addition to these two essential conditions, it would be well for the 
detiuittve success of a lau^age that it should also possess the qualities 
of grammatical simplicity, of conciseness, and clearness. 

English is the only language which may, in fifty or a fanndred years 
offer all these conditions united. 

The language is half German and half Latin. It possesses German, 
words, German forms, and also French words, and a French method of 
constnicting sentences. It is a transition between the principal lan- 
guages used at present in science, as French was formerly between 
Latin and several of the modern languages. 

The future extension of the Anglo-American tongue is evident. It 
will be rendered inevitable by the movement of the populations in the 
two hemispheres. Here is the proof, which it is easy to give in a few 
words and a few figures. 

At the present time the population stands thus, (Almanach de Gotha, 
1871:') 

Englisb-speakingpeoples in England, 3 1,000,000; in theUuited States, 
40,000,000; in Canada, &c., 4,000,000; in Australia and New Zealand, 
2,000,000; total, 77,000,000. 

German -speaking peoples in Germany and a portion of Austria, 
60,000,000; inSwitzerlaud, (German cautous,]2,000,000; total, 62,000,000. 

French-speaking peoples in Prance, 36,500,000; in Belgium, (French 
portion,) 2,600,000; in Switzerland, (French cantons,) 600,000; in Alge- 
ria and the colonies, 1,000,000; total 40,500,000. 

Now, judging by the increase that has taken place in the present cen- 
tury, we may estimate the probable growth of population as follows : f 

* No notice a here t&ken of the EngliBh-speskiiig people io India aud the Eaat.— J. E. G. 

t Almanach de Gotba, ICTO, p. 1039. 
16 S 



ilized by Google 



242 ON A DOMIVAKT LANGUAGE FOR SCIENCE. 

Ill Eoglaod it doubles in fifty years ; therefore, ia a century (iu 1970) 
it will be 124,000,000. In the UDited States,in Canada, in Australia, it 
doubles iu twenty five; therefore it will be 736,000,000. Probable total 
of the English-speaking race in 1970, 860,000,000. 

In Germany the northern population doubles in flfty-aix to sixty years; 
that of the sonth in one hundred and sixty-seven years. Let us sup- 
pose one hundred years for the average. It will probably be, in 1970, 
for the countries of Oerman speech, about 124,000,000. 

In the French speaking countries the population doubles iu about 
one hundred and forty years. In 1970, therefore, it will probably 
amount to 69,500,000. 

Thus the three principal languages spoken at the present time will be 
spoken a century hence with the following progression : 

The English tongue will have increased from 77 to 860 millions. 

The German tongue will have increased from 63 to 124 millions. 

The French tongue will have increased from 40^ to 69^ millions. 

The individuals speaking German will form a seventh part, and those 
speaking French a twelfth or thirteenth part of those of English tongue; 
and both together will not form a quarter of the individnals speaking 
English. The German or French countries will then stand toward 
thoso of English speech as Holland or Sweden do at present with re- 
gar<l to themselves. I am far from having exaggerated the growth of 
the Aiiglo-Australian-Americau populations. Judging by the surface 
of the countries they occupy, they will long contiune to multiply in large 
proportion. The English language is, besides, more diffused than any 
other throughout Afiica and Southern Asia. America and Australia 
arc nut, I confess, countries in which the culture of letters and sciences 
is so much advanced as in Europe ; and it is probable that, for a length 
of time, agriculture, commerce, and industry will absorb all the most 
active euergies. I acknowledge this. But it is no less a fact that so 
oousidcrahle a mass of intelligent and educated men will weigh de- 
cisively on the world in general. These new peoples, English in origin, 
art* mingled with a German element, which, in regard to intellectual in- 
clinations, connterbalancea the Irish. They have generally a great 
eagoruess for learning and for the application of discoveries. They read 
much. Works written in English or translated into that tongue would, 
iu a vast population, have a very large sale. This would be an encour- 
agement for anthers and translators that is offered by neither the French 
nor the German language. We know in Enrope to what degree didS- 
cultics esist in the publication of books on serious subjects; but open 
an immense mart to publishers, and works on the most special subjects 
will have a sale. When translations are rend by ten times as many 
people as at present, it is evideut that a greater number of books will 
be translated ; and this will contribute in no small degree toward the 
preponderance of the English Innguugo. Many French {leoplo already 
buy English tmoslations of Gcrmaa books, just as Italians buy trausla- 
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tioDS in Freocb. If EDglish or American publishers nould adopt tlie 
idea of having translations made into their langnago of the best worlia 
that appear in Rnasian, Swedish, Danish, Dutch, &&, tbey woukl satisfy 
a pnblic dispersed over the wiiole world, and particularly the numerous 
Germans who understand English. Yet' we are but at the begiuning of 
the onmerical preponderance of the Bnglisb-speaking populations. 

The nature of a language does not, at first sight, appear to have very 
great inSuence on its diffusion. French was preferred for two centu- 
ries ; and yet Italian was quite as clear, more elcRaut, more harmonious, 
had more affinity with Latin, and, for a length of time, had possessed a 
remarkable literature. The number, the activity of the French, and the 
geographical position of their country were the causes of their prepon- 
derance. Yet the qualities of a language, especi^tlly those preferred by 
the modorue,are not without their inflaence. At the present time brief- 
ness, clearness, grammatical simplicity are admired. Nations, at least 
those of our Indo-European race, began by speaking in an obscnre, 
complicated manner; in advancing tbey have simplified and made their 
language more precise. Sanscrit and Basque, two very ancient lan- 
guages, are exceedingly complicated. Greek and Latin are so in less 
degree. The languages derived from Latin are clothed in clearer and 
simpler forms. I do not know how philosophers explain the phenomenon 
of the complication of language at an ancient period ; but it is un- 
questionable. It is more easy to understand the subsequent simplifica. 
tions. When a more easy and convenient method of acting or speaking 
has been arrived at, it is naturally preferred. Besides, civilization en- 
courages individual activity ; and this necessitates short words and short 
sentences. The progress of the sciences, the frequent contact of per- 
sons speaking different languages, and who find a difficulty in under- 
standing each other, lead to a more and more im|)crious need for clear- 
ness. You must have received a classical* education to avoid the per- 
ception of absurdity in the construction of an ode of Horace. Translate 
it literally to an uaedncated workman, keeping each word in its place, 
and it will have to him the etTect of a building the en trance- door of 
which is on the third story. It is no longer a possible language, even 
in poetry. 

Modern languages have not all, to the same degree, the advantages 
now demanded, of clearness, simplicity, and briefness. 

The Krencb language has shorter words and less complicated verbs 
than the Italian ; this in all probability has contributed to its success. - 
The German has not undergone the modern revolution by which each 
sentence or portion of a sentence begins with the principal word. Words 
are also cut in two, and the fragments dispersed. It has three genders, 
whereas French and Italian have but two. The conjugations of many 
verbs are rather complicated. Nevertheless, modern tendencies weigh 
with the Germans, and it is evident that their language is becoming a 
little modified. Scientific authors especially exert themselves to attempt 
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the direct modes of expression aod tbe short phrases of other coantries 
in tbe same way that tbey have abandoned tbe Gothic printed letters. 
Should tbey correspond with strangers, they often have tbe politeness 
to Avrite in Latin characters. Tbey willingly introduce in their publica- 
tions terms taken from foreign languages, modifications sometimes 
merely of form, occasionally fundamental. These attest tbe modern 
spirit and the enlightened judgment of tbe learned men so numerons 
in Germany. Unhappily, the modifications of form have no great im- 
portance, and the fundamental changes take place very slowly. 

Tbe more practiciil English language shortens sentences and words. 
It willingly takes possession of foreign words, as German does ; but of 
oabrioUt it makes cdb ; of memorandum it makes mem. It makes nse 
only of indisi>ensable and natnral tenses — the present, tbe past, tbe 
future, and tbe conditional. There is no arbitrary distinction of gen- 
ders ; animated objects are masculine or feminine; tbe others are nea- 
ter. The ordinary construction is so sure to begin with tbe principal 
idea, that in conversation you may often dispense with tbe necessity of 
finishing your sentences. The chief fault of the English language, its 
inferiority in comparison with German or Italian, consists in an orthog- 
raphy absolutely irregular, and so absurd that children take a whole 
year in learning to read." The pronunciation is not well articulated, 
not well defined. I shall not go as far as Madame Sand in her amnsing 
imprecations on this point; bnt there is truth in what she says. The 
vowels are not distinct enough. But, in spite of these faults, English, 
according to the same clever writer, is a well-expressed language, quite 
us clear as any other, at least when English people choose to revise 
tl'oir MMS., which they will not always do, they are in sucb a burry '. 

English terms are adapted to modern wants. Uo yon wish to bail a 
vessel, to cry " stop" to a train, to explain a machine, to demonstrate 
an experiment in physics, to-speak in few words to busy and practical 
people, it is the language par excellence. In comparison with Italian, 
with French, and, above all, with German, English has the effect, to 
those who speak several languages, of offering the shortest cut from 
one point to another. I have observed this in families where two lan- 
guages arc eqnally well known, which often occurs in Switzerland. 
When the two languages are German and French, tbe latter almost 
always carries the day. "Why?" I asked of a German-Swiss estab- 
lished in Geneva. " I can scarcely tell yon," be replied ; "at home we 
speak German to exercise my sou in tbe languages, but be always falls 
back into the French of bis comrades. French is shorter — more cou- 
venient." Before the events of 1870, a great Alsatian manufacturer 
sent his son to study at Zurich. I was curious to know tbe reason why. 
"We cannot," be said, "induce our children to speak German, with 

* Surprised, on one occasion, by the sIowqbss nltb which intelligent EnglUb cbil<Inii 
le&rned reading, I inquired Ihe retuon, Each letter bus sererbl Boands, or ;oii maj nj 
that each BOuod Is written in aeversi way b. It is tlierafore neceMatj to leun readUif wodl 
for word. It is an nffftir of memoij'. 
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which they are qaito as familiar as with Freucb. I have scut uiy son 
to a town where nothing bat German is spoken, in order that he may 
be forced to speali it." In such preferences you must not look for the 
causes in sentiment or fancy. When a man has choice of tn-o roads — 
one straight and open, the other crooked and difficult to find — he is sure 
to take, almost without reflection, the shorter and more convenient one. 
I have also observecl families where the two languages known in the 
same degree were Euglisb and French. In this case the English main- 
tained supremacy, even in a French -speaking laud. It is banded down 
from one generation to another. It is employed by those who are in 
baste, or who want to say something in as few words as possible. The 
tenacity of French or English families established in Germany iu speak- 
ing their own language, and the rapid disappearance of German iu the 
German families established in French or English countries, may be ex- 
plained by the nature of the languages ratber than by the influence of 
fashion or education. 

The general rule is this : Iu the conflict of two languages, everything 
else being equal, it is the most concise and the most simple that con- 
quers. French beats Italian and German. English beats the otbei 
languages. In short, it need ouly be saM that the more simple a lan- 
guage is, the more easy it is to be learned, and the more quickly can it be 
made available for profitable employment. 

The English language has another advantage in family use — its litera- 
ture is the one most suitable to feminiue tastes ; and every one knows how 
great is the iuflnence of mothers on the language of children. Not ouly 
do they teach what is called " the mother tongue," but often, when well 
educated, tbey feel pleasure in speaking a foreign language to their 
children. They do so gayly, gracefully. The young lad who finds his 
language-master heavy, his grammar tiresome, thinks very differently 
when bis mother, bis sister, or bis sister's friend addresses herself to 
him in some foreign tongue. This will often be English, and for the best 
of reasons : there is no language so rich in works (written in a spirit of 
trne morality) upon subjects which are interesting to women — religion, 
education, fiction, biography, poetry, &c. 

The future preponderance of the language spoken by English, Aus- 
tralians, and Americans thus appears to me assured. The force of cir- 
cumstances leads to this result; and the nature of the language itself 
must accelerate the movement. 

The nations who speak the Euglisb tongue are thus burdened with a 
responsibility which it is well they should recognize at ouce. It Is a 
moral responsibility toward tbe civilized world of the coming centuries. 
Their duty, as it is also their interest, is to maiutuiii the present unity 
of the laugaage, at the same time admitting the necessary or couve- 
nient modifications which may arise under the iufiucnce of eminent 
writers, or be arranged by common consent. Tbe danger to be feured 
is that the English language may, before another century has t)assed, 
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be brokeii up iuto three langaages, whicb would be in the same rela- 
tion to each otber as ure Italian, Spauisb, and Portaguese, or as Swed- 
ish and Banish. ' 

Some English authors have a mania for making new words. Dickens 
baa iuvented several. Yet the English language already possesses many 
more words than the French, and the history of its literature shows 
that there is gi-eater need to suppress than to add to the vocabulary. So 
writer for three centuries past has employed nearly so many different 
woi'ds as Shakespeare ; therefore there must have been many unneces- 
sary ones. Probably every idea ami every object had formerly a t«riu 
of Sasou origin, and one of Latin or French origin, without conntiug 
Celtic or Danish words. The very logical oiwratiou of time has been to 
suppress the double ot triple words. Why re-establish tbem T A people 
so economical in its use of words does not require more than one term 
for each thing.* 

The Americans, on the otber baud, make innovations of accent or 
orthography, (they almost always spell labour " labor," and harbour 
" harbor.") The Australians will do the same if they do not take care. 
Why should not all pos.sess the noble ambition of giving to the world 
one uniform concise language,- supported by an immense literature, and 
spoken in the nest century by eight hundred or one thousand millions 
of civilized men T To other languages it would be as a vast mirror, in 
whicheach would become retlected, thauks to newspapers aud translations, 
and all the friends of iutellectnal culture would have a convenient 
medium for the interchange ofideas. It would be leoderiDg an immense 
service to future races, and at the same time the authors and men of 
science of English-speaking race would give a strong impulsion to their 
own ideas. The Americans, above all, are interested in this stability, 
since their country is to bo the most important of those of English 
tongue. How can they acquire a greater inSuence over Old England 
thau by si>cakiug her language with exactness T 

The liberty of action permitted among people of English race adds 
to the danger of a division in the language. Happily, however, certain 
causes which broke ap the Latin language do not exist for English na- 
tions. The Ttomaus conquered nations the idioms of which were main- 
taiued or re-appeared here and there in spite of administrative unity. 
The Americans and Austntliaus, on the contrary, have before them only 
savages, who disapt>ear without leaving any trace. The Bomaus were 
conquered autl dismembered in their turn by the barbarians. Of their 
ancient civilization no evidence of unity remained, unless it was iu the 
Church, which has itself felt the iuHucnce of the universal decline. The 
Americans and Australians iH>ssess many dourishiug schools; they 
have the literature of England as well as their owu. If they choose, 

* A dercr EnjiliBh irriler has JDst publisheJ a vulame on Uie insiiiulioDs of Ibe people 
called 5ici» m English. He Damea them Steilurt. For wbM reason t WiU tb«K soon be 
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they can wield their iaflueoce by toeans of maintaiDing the uuity of the 
laognnge. Certaia circamstauces loake it ]>0Bsible for them to (]o so ; 
thus the tc-acbers and professors mostly come from the States of Kew 
Eoglaud. If these iullueutial men truly comprehend the destiny of 
their country, they will use every effort to transmit the language in its 
purity; they will follow classic authors, and disciird local iunovattouB 
and espressious. In this question of language, real patriotism (or, if 
you will, the patriotism of Americans really ambitions for their country) 
OQght to he, to speak the English of Old England, to imitate the pro- 
nunciation of the English, and to follow tlieir whimsical orthography 
nntil changed by themselves. Should they obtain this of their country- 
men, they would render to all nations and to their own an unquestiona- 
ble benefit for futurity. 

The example of England proves the influence of education upon the 
unity of a language. It is the habitual contact of educated people and 
the perusal of the same books which, little by little, is causing the dis- 
appearance of Scotch words aud accent. A few years more, and the 
language will be uniform throughout Great Britain. The priucipal 
newspapers, edited by able men, also exercise a happy influence in pre- 
serving unity. Whole columns of the "Times" are written in the laa. 
gnage of Macaulay and Bulwer, and are read by millions of people. 
The result is an impression which maintains the public mind in a proper 
literajy attitude. 

In America the newspaper articles are not so well written; but Ibe 
schools are accessible t^ alt classes, and the universities count among 
their professors men especially accomplished iu their use of the English 
tongue. If ever there should arise a doubt in the opinions of the two 
countries as to the advisability of modifying the orthography, or even 
making changes in the language, it would be an excellent plan to organ- 
ize a meeting of delegates from the principal universities of the Three 
Kingdoms, of America, and Australia, to propose and discuss such 
changes. Doubtless they would have the good sense to make as lew 
innovations as possible ; aud, thanks to common consent, the advice 
would probably be followed. A few modifications iu the orthography 
alone would render the English language more easy to strangers, and 
would contribute toward the maiuteuauce of unity in pronunciation 
throughout Auglo- American countries. 

NOTES BY DB. JOHK EDWARD GRAY,, OF THE BBITISH MUSEUM. 

It may be observed, in addition, that the people who use the Englti^h 
language in different parts of the world are a reading and a book-buying 
people, and especially given to the study of quasi-scientilic books, as is 
proved by the fact of the extensive sale which Ihey command. 

In support of this assertion, I may quote the Baron F^russac's re- 
view of Wood's " Index Testaceologicus,'' iu the Bull. Sci. Hat., Paris, 
1829, p. 375. ne remarks : 

ulzedbyGoOgle 



248 ON A DOMINANT LANQTJAGE ■ FOR SCIENCE. 

" VVe observe with interest the number of subscribers that exist in 
KuglaDil for an octavo volume on shells, costing 186 francs. It is a 
curious fiict, which booUseUers and authors will appreciate, as it will 
aQbi'd them the means of seeing how a return is obtained for their oat- 
lay on such work» in England, compared with other countries. The 
number of subscribers is 380, of which 31 are females and 6 foreigoera. 
Certainly all the rest of Europe could not produce as many, nor i>er- 
haps even the half of that number." 

How much more astonished would M. FSrussac have been, if in- 
formed that these were only the subscribers before publication, and that 
1,000 copies were sold ! Since 1829 the sale of scientific books has 
much increased, as is showu, for example, by the many editions of the 
works of Lyell and other naturalists, each edition being of 1,000 copies. 

Most scientific books in France and other continental countries can 
only be published when the government furnishes the cost ; r.nd they 
are chiefly published in an expensive form as a national display, and 
are almost confined to their public libraries, except the sale of copies 
that are bought by English collectors. 

In England such works are generally published by individual enter- 
prise, and depend on the general public for their support, and are pub- 
lished in a style to suit the different classes. Thus there are works of 
luxury for the rich, oftau pablished by iudividaals who confine them- 
selves to the production of that class of books; very cheap works for 
the student and mechanic; and books of all intermediate grades, pro- 
duced by the regular publishers. The females of all grades are ex- 
tensive readers of this class of books, nbich, I believe, is chiefiy the 
case with English-speaking races. 

Some of the scientific Swedes and Uussiaos have published their 
papers iu the English language, or appended an abstract in English to 
them, as Thorell on European Spiders ; Professor Lilljeborg on Lysi- 
ana^sa, and Professor Wackerbartb oa the Planet Leda, &c. The 
Danes and Dutch often publish their scientific papers in French, us 
Temmiuck, Roiubardt, and the lato Professor Van der Hoeven, who 
themselves read and write English ; but it appears they regard French 
as the polite language of courts, and forget that courtiers, generally, 
have a contempt for scieuce, and that they should look among tliu 
people for their readers. 

It is to be observed that Professor do Oandolle himself uses the 
French language with a very English constructiou ; but we believe that 
his work would have commanded the greatest number of readers if 
written in the English language, which ho reads and writes so fluently. 
See, also, Mr. Galton's interesting article on the Causes which create 
Scientific Men, in the " Fortnightly Review" for March, 1873, p. 346, 
which contains some interesting ob:servatio as on M.de Candolle's work. 
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Prepared for the StnitbumiaD ImlitaUon bj Charles A. SCHOTT, of the U. S. Coatt 



The eartVa solid crnst being hotter than the mean temperature of the 
lower atmosphere restiug oq its surface, heat is coostautly aud very 
slowly passing outward, and strata of equal depth would have very 
nearly unifonn temperatures bat for the iufluence of the daily, the auDual, 
and the irregular variations of the atmospheric temperature, I'eceived by 
coDdnetion. The solar beat thea acts as a distorbauce of the tbermal 
equilibrium, and the depth of the stratum of the so-called "invariable 
temperatnre,'' t. c, when the changes escape ordinary observation or 
become less than 0°. 01 C, as generally defined, is found about 6 meters 
below the surface in the tropics, and about 30 meters below the surface 
in the middle latitudes. The corresponding depths at which the daily 
variations become imperceptible are 0.3 meter and 1.3 meter very nearly. 
These oambers, however, depend greatly on the kind of soil or rock, . 
and will differ considerably for loose soil of greater or less porosity 
and for solid rock. Our records of observations are very scanty and 
deficient in range, and barely afford the necessary data to form a basis 
of calcnlation, on accoaat of tbe many conditions which enter into the 
problem. 

It would appear from experience that the mean temperature of the 
air, as ordinarily observed, say at an elevation of 1 or 2 meters above 
ground, is slightly higher than tbe mean temperature of the surface of 
tbe soil. The mean temperature of the earth's crust increases from the 
surface, with increasing depth, and with a nearly uniform rate for 
moderate depths, with an average amonnt of about 28 meters for each 
degree of tbe centigrade scale, and tbe temperature at the depth of in- 
variable heat nearly equals the mean annual atmospheric temperature 
of the place, but slightly exceeds it in amonnt. For greater depths the 
descent to produce an increase of 1'^ 0. ia greater than the amount given 
above. With increase of depth the amplitude of change is rapidly 
diminishing, and for a depth increasing arithmetically the amplitudes 
diminish in geometrical ratio; also tbe depth at which tbe diLily and 
annual variations, respectively, disappear is in proportion of the square 
root of the length of these periods, or about 1 to 19. The amplitude Jp 
has been represeuted in the form, log Jj7 = A — Bp, where A audB are 
constants to be determined at the place, and p tbe depth. Observa- 
tions by Quetelet at Brussels, for instance, give the following result: 
log Ap = 1.15108 — 0.01149 p, (amplitude in degrees centigrade and p la 
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feet.) At thia place tbe following mean temperatares and epochs of 
maxima have been obtained : 
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At Edinbnrgb tbe following results were obtained : 
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For the greatest depth, the time required for the heat-wave to reach 
it is Dearly six months, making tbe snrfiace maximum temperature co- 
incident with the minimum temperature of tbe stratum, 7^2 meters 
below. 

Id the case of Chicago, we may take the mean annual tsmperature of 
tbe atmosphere juat above the 8ur£ace=8o.l7 O. ; that of tbe surface of 
the 6oil=8<^.0G. Tbe increase for a depth of 12.2 meters lor tbe lowest 
stratum of clay and to tbe rock-suriace will be CP.44 0., making S'3.44 0. 
for tbis depth. The invariable temperature may be estimated about 9 or 
10 C, and may be found at a depth between 30 and 40 meters, the 
Tarifttions being transmitted to a greater depth in rock than in clay. 
At the surface of the rock tbe variations of temperature will probably 
yet amount to 0°.l, (according to tbe Edinburgh observations.) For a 
depth of 229 meters, corresponding to the depth from which tbe well- 
water dows, the increase of beat should amount to 8°.2 C, according to 
tbe mean given above; hence the computed temperature 16°.2 0. But 
tbe observed temperature isonIyl2°.8C., showing either a much slower 
rate of increase (1° G. in 48 meters) or a local deviation, probably due 
to infiltration of water from a higher level. Whether tbe lake-water, 
which is colder at the same depth than solid matter would be, can 
exert an influence by coudaction, I do not know. 

Prof. J. D. Everett, cbairman of the committee of tbe British Asso- 
ciation for the Advancement of Science, on tbe subject of underground 
temperature has published a number of valuable reports The follow- 
ing is an extract £rom a receut communication of his to tbe Belfast 
liTatural History and Fbilosophicat Society : 

" Tbe phenomena of uadergrouod temperature may conveniently be 
classed under two beads, according as attention is directed to tbe first 
forty or fifty feet, or to sacli deptiis as are >''<^t.4i jq mines and artesian 
wells. 
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" The annual wave of temperature is propagated downward from the 
sarface, at a rate which depends on the nature of the soil, and is ou the 
average rather greater than a foot per week ; while at the same time the 
amplitade (or inaguitade) of the wave diminishes in a ratio also de- 
pendent ou the soil, and amounting ou the average to a halving of the 
amplitude for every five or sis feet of descent. 

" Supposing the soil to be oniform, the surface to be plane, and the 
propagation of heat to be effected solely by conduction, a simple bur- 
monic variation of temperature at the surface (which we may cull in 
popular language a simple wave of temperature) will be propagated 
downward with a uniform velocity, and with amplitude diminishing iu 
geometrical progression. There will, moreover, be a definite rclatiou 
between the ratio of this progression and the velocity of propagation, 
80 that if the one is given the other can be computed. In fact, we shall 
have — 

2 - V time of propagation from one depth to another 
period of variation 

amplitude at 1st depth 

= Napierian logarithm of 

amplitude at 2d depth 
difference of depths fTo 
~ -/period of variation '' * 
where ^ deDote8 3.141C;c, thermal capacity per unit-volume; aud,^, coD- 
ducti^ity■" 

"If the variation of temperature at the surface, instead of being simple 
barmoolc, be any periodic variation whatever, it can be reduced by 
Fourier's method to the sum of anumber of simple harmonic variations, 
and each of these variations will be propagated according to the aboxe 
law, unaffected by the rest. 

" As the square root of the number of days in the year is almost exactly 
19, the above formula shows thattheannualwave is propagated 19 times 
as fast as the diurnal wave, and that the falling-off in amplitude is the 
same in one foot for the diurnal wave as lu 19 feet for the aunual wave. 

" Of the different simple harmonic components which make up the 
whole variation at the surface, those of longest period are propagated 
downward most quickly, and die away most slowly. For this reason, 

' The Domericol Talae of the co-efflctent l'^, as given in ProfesMr Everett's Dieona- 

lion of the ObBervationa at the Oreennicb Observatory, 1860, is as follows: 

From the Oreeowich obseivatiODB 0.0916 

From Colton Hill, trap-rook 0.115(i 

From Experimental Oanien,sand 0.1098 

From Craigleitb Qaarrj, sandstoae 0.0674 

fhe dlmiuution *>fW^ indicates eithet a deotease in oapadty for heat or an inonaso 
in oonductlvity. 
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as well as from its greater original magnitude, the aniinal simple har- 
tnooic wave becomes more and more predomiaant as we descend, aod 
the curve of temperature for the year approaches more and more nearly 
to the form of a simple harmonic curve, or cnrve of sines. 

"Observations taben at three stations in or near Edinburgh, and at 
Greenwich Observatory, have been reduced in accordance with Uie above 
principles, tbe result being in every case to show a satisfacCor; agree- 
ment between theory and practice j and tbe values of the thermal co- 
efficient t thus obtained for these four stations, have furnished the basis 

of tbe most reliable calculations yet made regarding the earth's age ae 
a habitable globe. For the three Edinburgh stations the value of o 
(which 13 the product of specific beat by specific gravity) was also de- 
termined by laboratory experiments conducted by Begnanlt, and hence 
the conductivity, k, was found by computatioo. 

" The following is a sample of tbe temperatures observed at Greenwich 
at tbe depths of 1 inch, 12.8 feet, and 25.6 feet. The warmest and coldeBt 
calendar months had the following mean temperatures : 

Wumeal. U«ii temp, Coldnt. Ueen temp. 

1 inch July 65. 9 Jannarj 40. 5 

3 feet ADgDBt 63.5 Febniary 41.1 

IS. e feet September 55.5 AprU 46.1 

95. 6 feet November 52.0 Jnue 46.6 

" The meau temperature at a depth of 10, 20, or 30 fbet does not differ 
much from tbe mean temperature at the surface. A slight increase is, 
however, usually observable even at these small depths ; and, when we 
penetrate to the deptb of several hundred feet, we find tbe temperature 
higher by several degrees than tbe mean temperature of the surface. 
In fact, the deeper we go the higher is the temperature wbich we find. 

"Attempts were formerly made to explain away this phenomenon, the 
high temperatures observed in deep mines being ascribed to the pres- 
ence of the men working in them, assistetl in some cases by the slow 
combustion of pyrites ; but the fact of a steady increase downward, at 
a rate which is not exactly uniform, but varies ^m about 1° Fahr. in 
100 feet to lo Fabr. in 4Q feet, has now been placed beyond all qaeation." 

Theoretical investigations will be found in Fourier's Throne ana- 
tytiqne de la chalenr, Paris, 1822 ; iu Poisson's Traits m^th^matiqae de 
la cbaleur, Paris, 1836. See also various papers by Quetclet iu the M€m. 
de I'Acad. roy. de Bruxellesj also, Piazzi Smyth in Astronomical Ob- 
servations at the Boyal Observatory at Edinburgh ; Forbes and bis 
own Observations, vol. iti, for 1849-'54, and vol. xiii, for 1800-70. A fair 
statement of the subject is found in Schmid's Meteorology, Leipsic, 
. 1860. See, also, J. 1>. Forbes's " Experiments on the Temi>erature of the 
Earth," in Trans. H. S. B., 1840 ; Sir W. Tliomson " On the Reduction of 
Observatioiisof Underground Temperature, "in Trans. R. S.E., 1860; "On 
the Ageof tbe Sun's Heat," in Macmillan's Magazine, March, 1862; "On 
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the Secalar Cooling of tbe Earth," in Trans. B. 8. E., 18C2, (reprinted at 
the end of Thomson and Tail's " Treatise ou Natural Philosophy ;") "The 
Doctrine of Uniformitj- in Geology Briefly Kefuted,''m Proc E. S, E., De- 
cember, 1865; "On Geological Time," in Trans. Geol. 8oc., Glasgow, toI. 
Ill, part I ; " Of Geological Dynamics," in Trans. Geol. See, Glasgow, vol. 
Ill, part II ; J. D. Everett " On a Method of Bedacing Observations of 
DndergronndTemperatare,''in Trans. E. 8. E., 1860; " On the Mean Tern, 
peratare of a Stratum of Soil," in Trans. B. 8. E., 1862 ; " Beduction of 
the Observations of the Deep-sunk Thermometers," iu Greenwich Ob- 
servations, 1860 ; "Beports of Committee on Bate of Increase of Under- 
ground Temperature," in B. A. Reports, from 1868 onward. 
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ON A SERIES OF EARTHQUAKES IN NORTH CAROLINA, OOK- 
MENCING ON THE lOTH OF FEBRUARY, 1874. 



By PnoFEseon Wahrem du Pr^, 
OJ Wogori ColUge, Spartaabargk, 8. C. 



The followiDg i8 au extract from a letter of tbe 24tb April, 1871, from 
Professor Da PnS to Greneral Bei^amin Alvord.U. S. Army : 

" My visit to tbe mountains of North Carolina was uudertakeo to 
satisfy myself with respect to the numerons rumors which had reached 
us of the volcanic disturhauces iu that sectiou of the country. I could 
spend but two days (19lh and 20th March) in the investigation, but 
was qnim diligent iu collecting facts and in esteuding my explorations 
OD horse and on foot so as to cover a distance of eighteen or twenty 
miles. I was soon convinced that the physical distnrbances were real, 
hot many of t4ie rumors were false, and that the truth had been much 
exaggerat«d by the fears of tbe people. Tbe explosive noises accom- 
panying the shocks and tbe limited area of the disturbances are peculi- 
arities worthy tbe attention of scientists, and demand a more thorough 
esplorajion. The inclosed is a hasty report of my trip, which I drew 
up to allay, if possible, tbe fears of the inhabitants of tbe district. 

Stone Monutain, tbe site of the disturbances, like all the neighboring 
peaks, is composed chiefly of gneiss and granitic slates, and covered 
with a dense forest growth. In a direct line, it is about fourteen miles 
from Black MouDtaiu, or '' Mount Mitchell," tbe highest point in tbe 
United States east of the Rocky Monutains. It lies between Broad 
and Catawba Rivers, both of which point to Black Mountain, while 
on the northwest side of the Blue Ridge, the Swannanoah and Green 
Rivers, tributaries of the French Broad, have their sources near tbe 
Black Monntaio. So many large rivers, on both sides of the Blue Bidge, 
headiug up in this sectiou, would indicate Black Mountain as the cen- 
ter of the volcanic force which lifted up these mountain-ridges. I ex- 
pect to visit these mountains again in July, when I shall have more 
time to iuvestigate this matter."" 

Extracts from report above referred to, dated Spartanburgh, 8. C, March 28, 
1874. 

On Wednesday, the 18th of March, in company with Rev, U. C. 
Oliver, editor of Tbe Orphans' Friend, Mr. McKenn Johnstone, civil 

* Profeasor Du Pr6 bas been lequcatod to commiinicate a report of this projected trip. 
Further data remain to be gleaned, as the phennineiia appear to bave coutiuDod, at teast, 
up to April. 
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eugioeer, and the senior class of Wofford College, I stAited for Hickory 
Nat Gap, for the parpoee of making sach persooal observatioDs as my 
limited time wonld permit, and of collecting and sifting all the testi- 
mony that I ooald gather from the inhabitants of the affected region. 
At Rntherfordton, we were joined by Capt. William Twitty, an eda- 
cnted gentleman, who gave na macb asfflstance in our exploratioDs. 

To understand tbe bearing of the focts and testimony upon the question 
wbetber these distni-bances threaten a volcanic eruption, as a prelimi- 
nary, I shall describe, as clearly as I can, the sitnation of this mount- 
ain. Fire miles east of Hickory Nut Gap, lies this high mountain- 
ridge, hearing upon its back several peaks, tbe highest of which are called 
Bald, Btone, and Ronod Mountains, and extending from southwest to 
northeast, a distance often miles, in the order in which they are named. 
They constitute one mountain-ridge from 3,000 to 3,500 feet high, flanking 
the Bine Ridge, nearly parallel with it, bounded on tbe east by Crooked 
Creek, and on tbe west by Broad River, wbicb, with its narrow valley, 
separates them from the high ridge of mountains that border the east- 
ern side of Hickory Nut Gap. 

Directing onr course along tbe eastern slope, we came first to the 
bonse of Kev. Mr. Logan, a Baptist minister, from whom we learned 
that the noises and shocks were first heard and felt in Stone Mountain, 
on Tuesday, the lOth of February ; that they were repeated on the fol- 
lowing Sunday, with increased severity, so mnch so that the people sent 
for him, a distance of ten miles, to hold religions meetings with tbem; 
tbat he and his wife heard the explosions, and felt the shocks repeatedly 
day and night, once causing the ligbtning-rods attached to his chimneys 
to rattle considerably, the sky being clear, and no wind hlowiug ; that 
the sounds came from the direction of Stone and Bald Monntains, were 
at first explosive, followed by a slight rumbling lasting for a few seconds, 
similar to a blast from a stone-quarry ; that the shocks were almost in- 
stantaneous with the explosions, very rapid, making the ground trem- 
ble for a few seconds. In response to an inquiry, whether any one was 
blasting rock about tbe mountains, he replied that none could be found, 
and there was but one quarry, thirty-three miles distant in an opposite 
direction, and tbat had not been worked for several months past. 

After going two or three miles further, we tnrned to the left, and 
were ascending Fork Knob, over which the road leads to the top of 
Stone Mountain, when a loud explosion in the direction of Stone Mount- 
ain startled us all. It was instantly followed by a low reverberatory 
sound, as if descending the elope of the mountain. We felt no shocks, 
which was due, no doubt, to the steep and stony road over which our 
buggies were passing at Ibe time. This was on theldtb, at5. p. m. Two 
of our company who bad preceded us a mile, and were about a half 
mile from tbe top of Stone Mountain, hei.rd tbe report, and also felt tbe 
ground tremble un<)er them. Tbe sonnd resembled the suppressed bat 
sudden report of a quarry-blast, and seemed to come through tbe mount- 
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Bio. We arrived aboat saaset at Kr. Elliott^s, whose hoase is situated 
in a depTessioQ between Bound and Stone Peaks, abont a half uilc from 
the top of the latter. From Elliott's bouse, Boand Mountain bears north 
3?o west, Stone MooDtain sonth 73° west, and are about a half or three- 
quarters of a mile distant from each other. This honse being about the 
cencer of the greatest agitation, and whence most of the exaggerated 
rumors had their origio, we determined to remain all uight, and I 
kept watch until about two o'clock. ••••••• 

The next morning I gathered from Mr. and Mrs. Elliott, in answer to 
many inquiries, the following statement: " The first uoise and shakes (as 
the shocks are very expressively denominated by the nionntain people) 
were heard and felt on Tuesday, 10th February— some of them were 
felt as far as White Honse, on Oove Greek, eight miles distant. Sunday 
morning these sounds and shakes were repeated with increased severity, 
one a little after sunrise, another at 10, and another at 2 o'clock in the 
night; noises continued, some with shakes, and some without, until 
Thursday following, with intervals of about an boar or two. The 
house — a stont log building — shook so violently that the children be- 
came very much alarmed, all thinking it would fall: A ladder resting 
apon a support in the yard rattled frequently, and the ground seemed 
to tremble under their feet. The uoise began like explosions of a quarry- 
blast, in the northwest, and west off to the southeast, with a rumbling 
sound under ground. The weather wasquite variable, sometimes cloudy 
and rainy, at other times clear and cool. The people about the mount- 
ain were very much alarmed ; bad preaching and prayer-meetings 
daily for a week or more, and forty-five new members were added U> 
the Baptist church." 

About 9 o'clock in the morning of the 20tb we began the exploration 
of Stone Mountain. From the base to the summit it is covered with a 
dark rich soil, about a foot deep, partly cleared and cultivated, but 
mostly clothed with agrowth of heavy timber, consisting of chestnut and 
oak. The granite slates, about the thickness of flag-stones, scattered 
over the surface, indicate that the formation does not differ iVom most 
of the sarrounding peaks. Near its highest point several large blocks 
of coarse granite protrude throagh the soil to the height of about 10 feet 
above the surface. Owing to the depth of the soil and the slight ex- 
posure of the rocky formations, I could not ascertain the direction or 
angle of the dip. No specimens were found which resembled what are 
usually called volcanic rocks. The mountain appeared as calm and 
peaceful as if it had never been disturbed since the momiog of its up- 
heaval. It presented no cavernous depths or rugged prominences to ex- 
cite the fears of the dwellers upon its slopes. A dozen or more of the 
mouutaioeers had followed us everywhere in the exploration, and, 
although muchalarmedatthefrequentagitations of this hitherto stable 
mountain, yet they unanimously contradicted the many rumors of gap- 
ing rocks, smoking peaks, sinking " "lelting snows, &0., with 
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which our newspapers hnve been teeming for many weeks past. We 
remained on the eammit for aome time, hoping for an opportaiiity to 
determine whether the explosions came from the east or west side of 
the mountain, or from the groand under oar feet As nothing occurred 
to settle this qnestioo, we descended the western slope to Mrs. Murphy's 
saw-mill, about eight miles from the head of Broad River. A portion . 
of oar party, who had passed two miles around the base of tlie moun- 
tain, heard three load explosions, and felt tvo distinct shocks proceeding 
directly from the peak which wo had left hat one hour before. Tbis I 
did not hear or feel, as I was engaged at the time in taking notes of the 
testimony of Mr. T. J. Dalton, amid the rambling of machinery and the 
roar of the mill-dam. 

It is nnnecessary to give, in detail, all the testimony which we col- 
lected ft^tm the people while passing along the eastern and western 
side of this mountain, includiug a diistance of eighteen miles. Tbey alt 
concurred in the followingsummary: That there werccertain days marked 
by loud reports and severo shakes ; that fix>m filly to seventy-five shocks 
have been felt since the 10th of February ; that the noise begins with 
an explosion like a qD^(n7-bIa8t, followed by a rumbling sound, lasting 
only a few seconds ; that the shocks are simultaueous, or almost so, with 
the reports, and seem to follow the direction of the mmbliug sound, 
with this exception, that those near the top of the mountain assert they 
appear to be under and all aronnd them ; that the reports all came from 
the Stone and Bald Mountain Ridge, those living oa the east side point- 
ing to the west, and those on the west poiutiog to the east for the di- 
rection of sounds; that these reports occur as often during the nightas 
the day, in foir weather as in foul ; that the effects are felt five miles on 
each side of the mountain-ridge, and extend fh>m Broad River on the 
eoathwest to Catawba on the north, a distance of twenty-five miles; 
that houses shake, trees with their dead leaves tremble, glasses and 
crockery rattle, shavings in their workshops shake and "quaver," as 
one expressed it. 

Tbis testimony was collected from thirty or forty men and women of 
different degrees of intelligence, and their remarkable concurreuce in 
the above statement places the facts beyond the possibility of doubt. 

Several hypotheses have been proposed to explain these facts. One 
is, that the blasting of rock about the mouutains will account for all of 
them. Upon this point we made particular inquiry. There is certainly 
no operation going on about Stone Monntain, and as the work upon the 
tnnnela in Swannanoah Gap has ceased for more than twelve months, 
there is no occasion for blasting anywhere else, as fine stones for build- 
ing purposes, of every form and size, are scattered over all these n'gioiis. 
Besides, any oneacquaiated with the law of sound knows that the vibra- 
tory motion communicated to the matter in the crnst of the earth by a 
blast (supposing it capable of extending to a great distance) will be feit 
mach sooner than the undulations of the atmosphere, which transmit 
17 S r 
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sounds. A person, therefore, standiag a tbonsand yards from a quan? 
feela tho trembling of the earth some time before be hears the Bound of 
the blast. But in all these coovulsions of the mountain the coacurreut 
testimony is that the sotuids and Bbocka are either simultaneous or 
nearly so. The blasting of rock, therefore, canuot account for this im- 
. portaot fact 

Another hypothesis is, that these effects may be the resalt of elec- 
tricity escaping from the mountain to the cloud, or descending from the 
cloud to the mountain. There is nothing in the known operations of 
electricity to produce effects of this kind. Furthermore, these souodg 
and shocks occur as often in &ir as foul weather; and the sounds are 
altogether different, as we had an opportunity of comparing them duriog 
our first night's stay upon the mountain. Electricity never explodes 
nuless it meets with a bad conductor, and as the moontaiu affords it 
au easy transit, the explosion must take place somewhere between the 
sammit and the cloud, or along the line of its pathway. The explo- 
sion, therefore, being in the air, must he subject to the same laws of 
sound as the blast of the quarry, and the same method of reaeoDing 
will apply in this case as in the other. * 

The simnltaneousuess of the shocks and explosions proves that the 
souud has not far to travel through the air to reach the observer; and 
while the primary cause of the explosions may be deeply seated in tbe 
earth, yet the immediate cause of Uie sounds may be at or uear the snr. 
face. It is known that the loudness and intensity of sounds depend 
upon the amplitude of tbe sound-wave. Suppose, then, that the cause 
of these explosions be deeply seated in the crust of the earth, the force 
acting aud reacting upon tbe superiocDmbent strata will impart its 
vibralious to them and transmit through them its impulsions to tbe 
atmosphere above* I am inclined, therefore, to the opinion that most 
of the noises accompanying earthquakes are the results of vibratory 
movements in the earth's crust, or are the secondary effects of a force 
acting at great depths beneath. This opinion seems to he sustained by 
the evidence of the witnesses upon tbe summit as well as five milea 
from the base of Stone Mountain, all of whom concur as to the simal* 
taneousness of the shocks and explosions. To this it may be objected 
that earthquake-shocks are often unaccompanied with noises, or that 
tbe former may precede the latter by several minutes. lu reply, I will 
state that the crust of the earth is composed of different strata, some 
capable of transmitting vibrations that are audible and others that an 
not, as a string may be made to vibrate and yet produce no audible 
sound. Now, suppose our observer to be standing upon a section of the 
earth's crust which is incapable of receiving or imparting sound-vibra- 

* TbiB eiplBnation is uadoubl«dly conect ; the velocit; of the sound-wave in the earth ii 
tha same aa that of tbo wave o( percaBSion ; or. in other words, the two are identical. An 
car, therefore, placed at (tie sncface of the gronod nonld at anj point beai a sDond gimol- 
laneooilf with the ahock. J. H. 



inadb, Google 



EABTHQUAEE8 IN NOBTH CABOLIHA. 259 

tiona, he may feel the eartbqaake-sboclES and yet bear do noise; or, if 
souods aboold reach him after an interval of time, they may come from 
a distant eection capable of producing them, hnt which moat he trans- 
mitted to bis ear throagh the intervening atmosphere. 

This discussion leads me to the conolnsioQ that the phenomena con- 
nected with the agitation of Stone Mountain must be referred to that 
general volcante or eartliquake force, ivbich seems as necessary to the 
economy of nature as light, beat, or electricity. I am not bold enough 
to venture a theory sufficiently broad to explain these peculiar phenom- 
ena. I cannot penetrate the earth to examine the coullgnration of its 
inner snrface. There may be broad and high arches under which the 
earth quake- wave may move without disturbing the crust above; or 
there may be deep depressions presenting walls, against which the mol- 
ten tide may beat and break and send up its thundering vibrations to 
the summit of the loftiest mountain. All this is hypothetical and nu- 
satisfactory. But although we are not snOlcieutly acquainted with the 
nature of this force, its modes of action and the laws which govern it, 
to suggest a theory capable of explaining all the phenomena, yet we 
may examine the facts with reference to the probability of Stone Moun- 
tain becoming an eruptive volcano. While the explosive character of 
the sounds, simnltaneousness of sounds and shocks, and the limited 
area of agitation seem to indicate some local cause, yet the general rule 
which regulates the distribution of volcanoes on continents seems to 
militate against such a conclusion. Volcanoes are arranged along the 
border regions of continents, aa between the Pacific and Bocky Moun- 
tains, ou islands of the coast, or oceanic islands. They are generally 
confined to the borders of larger oceans and are seldom found in the 
interior of continents. There are none in America east of the Andes 
and Rocky Mountains, and no remains of volcanic action have ever been 
found along the Appalachian range. These are important facts, indi- 
cating no chance results, hut pointing to a natural law which regulated 
their geographical distribution. And when we consider, too, that vol- 
canoes, with but few exceptions, are only a few miles fiom the sea or 
lake ; that the Blue Bidge, of which Stone Mountain is only an append- 
age, is two hundred and fifty miles &om the Atlantic, and presents do 
marksofformereruptive action, we cannot believe thatio these latter days 
it will behave itself nnseemly and do violence to that natural law which 
planted it in the garden-spot of the South, and gave to tbe Carolinas 
the grandest, loveliest scenery on the Appalachian range, 

[The following suggestions may be considered as a possible solution 
of tbe phenomena iu qnestiou : It is a well-established fact in geology 
that the snrface of the earth faas undergone and is undergoing changes. 
The highest mountain-chains have been in past geological periods be- 
neath the snrface of the sea, as is evideut from tbe marine shells which 
are found in their strata. It is also well established that some portions 
of tbe earth's surface are at present gradually rising and others slowly 
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falling. ISow, if we assnme that the region aroand Stone Monntaia is 
undergoiag a very gradaal elevation or depression, then it will follow 
that the rocky strata will be bronght into a condition of stretching or 
tension which will go on nntil the limit of elastie cohesion is reached, 
when a rapture or crack will suddenly take place which must be at- 
tended with a jar, and, in some cases, with an andible eonnd. If the 
rocky Btrata is of the same material from the snrface down into the inte- 
rior ; for example, granite, and the mountain being in the process of 
depression, the crack will take place deep in the interior. If, on tbe 
other hand, the monntain is heing elevated, the crack will be at tbe 
sarface. If, however, tbe upper strata are more extensible than the 
deeper seated, tbe crack may be in the interior in tbe case of an eleva- 
tion aa well as in that of a depression. 

It has of late years been suspected, from the discrepancy in later 
and older measurements of points on the Andea, that this mountain 
system is in a state of very slow subsidence. 

If the foregoing views are correct there is no indication of a volcanic 
outburst; and whatever moral effect the disturbances may have on 
tbe character of the inhabitants of the region, there is tittle danger as 
to any physical changes taking place of snfBcient intensity to endanger 
life.— J. H.] 
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REPORT ON THE TRANSACTIONS OF THE SOCIETY OF PHYSICS 
AND NATURAL HISTORY, OF GENEVA, FROM JUNE, 1872, TO 
JUNE, 1873. 



By Prop. A. Db La Bivb, President. 



[Traoslalsd for the Smitluonian Institntion.] 

Gentlemen : Called a second time, tbroagh year kinduess, to preside 
over yon, again Ibave the honor to present the annual report of snch of 
youT transactions as your president has considered it desirable to register. 
Happily, tbis year, that part of the report appropriated to biograpliical 
notices is extremely brief. The society, after the great losses it sustained 
dnriog last year, has not this year been called to mourn a single one of 
its ordinary regular members. But of its honorary members two Lave 
been taken away, Madame Somerville and Arnold Escher de la Lintb. 

I have little to say of Madame Somerville, who has made for herself 
a brittinnt repatation, during the last fifty years, by her mathematical 
works, and especially by her translation into English of the M^canique 
celeste of Laplace. She was in full sympathy with the different branches 
of science, and well informed as to their progress. She had for several 
years resided in Florence, where she died at an advanced age. 

Arnold Escher de la Linth was a son of the celebrated Courad Elscher, 
sumamed de la Linth on account of the great service he rendered to 
the valley of that name, by directing the river Linth into Lake Wallen- 
stadt, in order to protect the valley from inundations ; an admirable 
work, managed with great talent and perseverance. 

Arnold Escher acquired at an early age, under his father's tuition, a 
love for the natural sciences. Conrad Esclter was in fact one of the 
most eminent naturalists of his time ; his observations in regard to the 
Jispersion of erratic bowlders, and their distribution over the Swiss 
plains, are especially remarkable. 

The son, daring the frequent excursions made with his father into the 
mountains of Claris,, formed the conception of a geological map of Switz- 
erland, which he afterward executed and published, in concert with M. 
Stnder, the eminent geologist of Berne, after twenty years of labor and 
innumerable journeys. He examined the Alps in every detail, and the 
precision and justice of hia judgment, the accuracy of his observations, 
and the quickness of his comprehension permitted him to accnmulate 
more abundant material for study than unfortunately he could make 
use d. 

The desirable qualities we have mentioned inspired confidence, and 
he was fi-equently coDsult«d j his answers were always characterized by 
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n Blraightforward lategrity, and a scientific accuracy quite exceptional, 
a9 welt as a liberality rarely met with, wbicb rendered bim indifferent 
aa to wiietber or not bis ideas were appropriated by otbers. Tbe perfect 
honeaty and great coUBOieutionsness with wbicb be pnrsued bia researches 
oRien prevented bim from pabliabiug them. He was always afraid of 
not having sufiQciently investigated tbe groand gone over, and woald 
go again to places be perbaps bad previously visited many times. 

He belonged to tbe geological commission of Switzerland, and was one 
of its most influential members. This commission assigned to bim the 
preparation of tbe part of tbe Federal Atlas wbicb coatained tbe Sentia. 
He bad devoted more tban twenty years to tbe study of this mountain, 
and as early as in 1848 tbe cuts furnished to Murcbison, which were pub- 
lished in tbe memoir of tbe English savan, prove that he was master of 
tbe subject. When death prevented Eschcr from making tbe publication 
wbicb had been intrusted to bim by tbe commission, the latter found 
among his papers, with many inestimable scientiflc treasures, enough 
documents to prepare a large special map of Seutis, on a scale of fifty 
thousauds, (the ordinary maps of tbe commission were of one hundred 
thousauds,) with text, both almost entirely from the band of Escher, 
a work which reflects much honor on his memory. 

I should also add that Escher joined MM. Martins and Desor in an 
expedition to the desert of Sahara, the results of which, especially those 
which relate to the meteorological influence of the simoon, or wind of 
the desert, upon tbe meteorological condition of the Alpine regions, were 
given in the account of the expedition published by M. Desor, under tbe 
form of letters addressed to M. Liebig and M. Gh, Yogt. 

A description of Arnold Escher would be very incomplete were it con- 
fined to an account of bis scientific life. The integrity and lore of truth 
which distinguished him in his researches, be carried into bis private re- 
lations, where they were associated with great simplicity of manner, and, 
we may say, perfect amiability, accompanied by a slight diflSdence, which 
only rendered him tbe more attractive. It was a real pleasure to see 
him enter our reunions of the Helvetic Society of Natural History, into 
which be brought a warm and cheerful kindliness it is impossible to 
forget. The void made by his death has been deeply felt, and in tbe 
month of August last, at tbe Fribourg meeting, every one deplored his 
absence, with that of our excelleut colleague Pictet de la Rive. It was 
a great sorrow not to meet again tbe two friends, lately so full of life, 
and with nothing about tbom to indicate premature death. 

If the society lost none of its ordinary members during the year that 
is passed, it added several to ita number. MM. Emile Ador, Edmond 
Sarasin, and William Barbcy were elected as ordinary members, on ac- 
count of interesting communications made by these young aavant in 
regard to organic cbemistry, geology, and botany. M. Casio, professor 
of the lyceum of Charlemagne, well known for important researches 
in physics, of which he in person made an exposition, in part, at 
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a session of the society, was elected an hooorary memlter. The society 
has chosen as president, for the year commencing tonlay, Professor de 
Oandolle, and has re-elected aa treasarer, for three years dating from the 
month of January, M. Philippe Plantamoar. Finally, it has acquired 
two now free associate members, MU. Edonard Des Gonttes and Henri 
Hentsch. 

The second part of Totame xxi of our memoirs appeared at the eod 
of 1872 ; it contained, besides the report of the president, an article 
n[)on the Lepidoptera of the Museam of Geneva, by M. Ga4n6e, whom 
the society elected last year as honorary member; the fonrth series of 
a work by M. Duby on new, or not well known, cryptogams; some 
observations apon a primordial group of plants {appendieuUtirea) of the 
Strait of Messina, by M. Hermaon Fol ; and, lastly, an important me- 
moir apon the effects of lightning apon trees and ligneons plants, and 
the employment of them as condactors or lightning-rods, by M. Daniel 
(volladon. 

lodepeadeutly of the first part of volame xxiti, which will appear 
in the coarse of the year, the society, thanks to the generosity of M, 
Clapar^e, sen., and of his daughter, fifadame Floamois, has added to 
its memoirs, as volume xxii, the last work of M. Eldoaard Olapar&de, 
prefaced by a biographical notice of oar lamented colleague, by fif. 
Henri de Sanssure. This volume, which is already printed, will soon be 
given to the public. 

The society is still occupied with investigations in regard to the lake 
of Geneva, and has received several reports of the commission from 
M. Alphonse Favre. After allotting a sum of 500 francs from its funds 
to commence this work, in order to defray the subsequent expense 
the society has opened a special subscription, which has broaght in 
1,800 francs net The first soundings undertaken by M. Favre, assisted 
by M. Henri Hentsch, cost 336 francs 75 centimes, which sum was taken 
from a donation to the commission of 700 francs— 400 from the Geneva 
society and 300 ft«m the Taudois society. In the following account of 
the labors of the society will bo foood some of the scientific results 
obtained. 

I mention, merely to recall the fact, the examination made by thesociety 
of the changes proposed by the central committee of the Helvetic Society 
of Sakiral Science in the existing constitatiou and title of the society. 
It has given an opinion unfavorable to their adoption, especially that 
which relates to a diminution in the number of days of a session, which 
the committee proposed to redace to two. The society has always ad- 
mitted that the local committee conld, when desirable, make this reduc- 
tion. 

8UM3IA3T OF SOIKNTIPIO LABOB8. 

1. Physical adenee. — ^Tbe mathematical sciences which, without a strict 
regard to the laws of classidcation, I enter under the head of physical 
science, have been well represented in oar sessions. 
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M. Qalopin has given ds a method of determining the maxima and 
the mioinia of a fanction. It coasists in reducing to the derivative of 
the function, and then arrauging the roots in the order of their powers. 
In this order they correspond alteroately to a maximam aud a mini- 
mnm, so that it is only necessarjr to determine the derivative of ooe of 
them. 

M. de la Harpe has exhibited a property of nnmbers by which it resalts 
that the cube of one nnmber is always equal to the differonce of the 
squares of two other numbers. 

We commence the enumeration of the works of the society in physical 
science proper, with meteorology. 

M. Plantamoar has given a summary of the udometrio observations 
for the meteorological year 1872. From the commencement of our 
regular observations, that is to say, from the year 1826, there has never 
been as much rain in oue year as iu that of 1S72. The aun nal mean at 
Geneva is 821™. In 1872 there fell IjOSe"" ; tliat is to say, over a third 
more than the mean. 

M. FlantamoDT has kept the society informed in regard to the geodetic 
operations carried on iu Switzerland. The purpose of the geodetic cam- 
paign of 1872 has been to determine the co-ordinates of the Gebris, 
in the canton of Appeuzell, the Oebria being oue of the points of the 
new international triangulatiou, intended to connect this mountain with 
the Austrian triaognlatiou. An error in the closing of a large polygon 
pausing through the Simplon and the Gothard necessitated a new set of 
operations, for there was an error in taking the level of about 1™, which 
was inadmissible. The cause of this error has not yet been discovered. 
The errors which are found out by the closing of a polygon have also 
been the subject of a communication from General Dufour, who baa 
mentioned the deviation of the pinmb-litie, on account of the neigh- 
borhood of the mountains, as a possible cause of the want of accord- 
ance between the two levelings. 

Our society, in concert with tho Vaodois Society of Natural Sciences, 
has decided, as yon know, to undertake an examination of the bottom 
of the lake. In view of this work, MM. A, Favre and H. Hentsch have 
made some preparatory soundings, which have been the subjectofn 
communicatiou to the society. The process of determining a profite by 
sonndings, which consists in caosiug an experienced rower to give tho 
same number of strokes of the oar between two consecntive soundings, 
is not sufficiently precise ; at least it did not prove to be so nuder tho 
conditions in which the observations were made. Under other circna- 
stances it might be useful. If, on the contrary, the profile is obtained by 
means of a rope supported by corks, results may be corrected by a 
second operation. The depth of the little lake is in somo parts mack 
greater than is indicated in ibe map of tbe canton. 

I am constrained to mention in this connection the communication by 
M. Cbaix of a hydrographie map, pablisbed by the federal bureau, to 
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which M. Cbaix has aclded his experiments apoo the proportioa of solid 
matter contained in the water of the Arre. 

On the 27th of November of last year oocarred that remarkable rain 
of meteors, which seemed to confirm the hypothesis that shooting stars 
are prodaced by the disintegration of comets. M. Plantamoar gave to 
the society the data for the solation of !he question, to which the attention 
of the society was again directed by M. E. Gautier, io the coarse of a 
notice of the presnmed discovery of the comet of Biela by an astronomer 
of Madras. 

I complete the notice of astronomical researches by mentioning the 
remarkable instance commnnicated by M.Thary of astronoraicsl visibility. 
He observed, by means of bis small refractor, with great clearness, on 
the night of the Idth to 16th of Jnne, the star Aotarfts and the small 
blue star near it. 

Want of space permits me merely to recall to yonr memory, without 
analyzing it, the communication of M. Soret in regard to his compara- 
tive researches between thermal solar radiation and that of a body 
heated in the oxybydric flame. These researches, which modify the 
assertions of P. Secchi in regard to the temiwratnre of the snn, have 
been published. I would say here, that it is our custom, in our annual 
account of the proceedings of the society, to confine ourselves almost 
exclusively to communications which have not been laid before the 
public. I give, once for all, this explanation, to account for the more or 
less brief notice of some of the subjects which have been discussed at 
onr sessions. 

M. Wartmann discussed the theory of the perception of color, which 
admits three systems of nerves, corresponding to the three fundamental 
colors, and opposed to this theory certain observed facts; in particular, 
the fact that certain Daltonians do not perceive color, bnt only a con- 
trast of light and shade of different intensities. 

Information in regard to the aurora borealis has, from time to time, 
been sent to me by observers of this phenomenon and by savaus 
interested in the snbject. I have communicated to the society the 
principal inferences drawn from a work of M. Boa6, upon the concord- 
ance of austral and boreal anroraa which he sent me in a letter, and 
also those fh>m the researches of M. Levering, who has united in a 
catalogue more than 12,000 observations of auroras. 

M. Mariguac bos given us the result of his experiments upon the 
identity of the heat of fusion and the heat of solution. The tern- 
peratnre of solution of a body whose point of fusion is very low was 
observed during the cooling, and particnlarly as it passed the poiut of 
fusion. There was no snddon change, nothing anomalous, as it passed 
this point; aud M. Murignao therefore concluded that the heat of fusion 
is identical with that of solution. For this experiment a solution of 
spermaceti In alcohol was used ; the point of fusion was at 48^ 0. The 
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substances wbich meet the conditions reQuired by tiheae reaearcbes are 
few in number. 

M. E. Ador has presented to the society a sammary of his researches 
in regard to the radical of phtalic acid. 

I close the account of oar labors in physical science by mentioning 
the oral summary given by M. Oasin of some of his researches, already 
printed, wbich he has presented to the society. 

I also recall that Professor Gautier In namerons reports, several of 
which have been published in the archives, has informed us of varions 
astronomical investigations, and in particular of those of M. Hnggins 
of stellar spectra in regard to the direction of the movement of stars iu 
relation to the earth. 

2. The natural adencea. — Geology and paleontology have so ranch in 
common, that it seems to me quite natural to mention in connection what 
relates to these two sciences. 

I would remind you that M. A. Favre presented an article uymn pbos. 
pliates, and their beds, and that M. E. Favre made the society acquaiuted 
with the recent works upon the structure of ammonites. 

The boring of the Gothard cannot fail to interest geologists. Specimens 
of the different rocks enconntored will be preserved in their order of 
succession. M. A. Favre, in making a commTinication to the society 
upon this subject, snggested the request for a set of these specimens for 
the Museum of Geneva. 

M. Ed. Sarasin presented an article, prepared with the assistance of 
M. Fncbs, upon the sources of the petroleum of Campina, in Wallacbia. 
This article assigns to petroleum an eruptive origiu, and assimilates itto 
the, hydrocarbons disengaged duriog volcanic phenomena. This hy- 
pothesis led the authors to expect that they would find in beds of petro- 
leum a distribution analogous to that of metalliferous strata ; their 
anticipations were confirmed by the discovery of an orientation, following 
two parallel lines, in the petroleum-emaoatioos of the plateau of Cftm- 
pina. 

M. de Sanssnre, on his return from a visit to Naples, gave as a descrip- 
tion of the crater of Vesuvius, then in eruption, (see the Jonrnal of 
Geneva,) and also presented the society with several other commnni- 
cations, upon varions subjects, which have already been published. 

M. Dor exhibited to us three skulls of the lacustrian period, recently 
discovered. Two of these skulls belong to the stone age, and are there- 
fore very valuable, on account of the rarity of such specimens, a rarity 
probably due to the custom of burning bodies. They are skulls of the 
aucient Helvetians, a Celtic race. The large size of one of them shows 
that the stature of the man of the stone age was greater than has been 
supposed. The third is the skull of a child of the bronze age. 

Under the bead of "animal physiology " should be recorded the re- 
searches of M. Prevost upon the section of the cord of the tympanum. 
Contrury to the opinion first aoDonnced by M. Vulpian, and afterwanl 
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nodiflecl by this scientist's own observations, M. Prevoat foaod that the 
cord of the tympanum is not entirely lost in the lower maxillary gland, 
bat sends threads to the tongue. Employing the Waller method, lie 
divided the tympannm-cord of dogs, cats, &c., and a few days alter 
foniid wasted nervous tabes in the terminal brouckes of the lingual. 

M. Prevost has given ns the resnlts of some experiments npon the 
nerves of taste. These are o^iposed to the hypothesis that the fibers, 
of the lingual nerve which transmits the gustatory impressions, pass 
through the spheno-palatiue ganglion. In fact, the amputation of two 
spheno-palatine ganglions, accompanied by the section of the two glosso- 
pharyngeal nerves, does not alter the transmission of the gustatory sen- 
satioDB in the parts moved by the lingnal nerve. 

Under the head of physiology should also be mentioned a communi- 
cation concerning the investigations of the congress of medical men at 
Lyons, in regard to the supposed cause of the fevers which justly give 
to the climate of the Dombes a character for insalubrity. In this com- 
munication the intermittent fever of these regions is attributed to the 
spores of a conferva, very abundant in the marshes of that neighbor- 
hood, which rise in the air, with the water evaporated. 

M. Lombard, in regard to a subject npon which he had before ad- 
dressed the society, presented the fact that pulmonary consumption or 
phthisis decreases with nltltude, and mentioned Davos station, at an 
elevation of 1,556 meters, as having been found particularly favorable 
to persons affected with this disease. 

In natural history proper, M. Y. Fatio has given an aeconnt of his 
researches in regard to the development of the black salamander, which 
differs greatly from that of the spotted variety. The black salamander 
produces only two living progeny, although at the same time the ovary 
contains a large namber of eggs. Foar of these eggs are developed 
at the expense of the others, which are decomposed and serve them as 
uoarisbment ; after a time the development of two of the four embryos 
is arrested, and they in turn serve as nntritioD for the last two, which 
alone survive, and are bom after undergoing various metamorphoses. 

M. Lombard exhibited to the society a blind fish from the Mammoth 
Gave of Kentucky, sent to the Mnsenm of Geneva by M. Y. Lombard. 

Yegetable physiology has been represented, first, by a communication 
from M. Bissler, upon the natrition of plants. M. Rissler remindetl the 
society that he had before presented some researches upon tlie double 
part played by the humns, which assists the dissolution of the mineral 
substances nsefnl to the plant, and also furnishes a portion of the car- 
bon it contains. His views were opposed to a snbseqaent memoir upon 
the same sobiect, to which he drew attention, by M. Grondean, in which 
M. Bissler's researches are not mentioned, and according to which the 
jtart played by the humus consists only in dissolving the nutritive sub- 



M. de Oandolle, in noticing the appearance, recently observed, of Al- 
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gerine plauts in France, expressed bis doabts as to tlieir definite ostab- 
lisliment, and gave some examples of exceptional and temporary derel- 
opment of plants. 

While exhibiting to the society a flower of the orchid order, the ^n- 
grtEoum gesquipedale, a plant which is a native of Madagascar and only 
very recently introduced into Enrope, t/i.. E. Boissier gave as the views 
of Darwin in regard to the mode of fecundation of this flower. It is re- 
markable for a spar of extraordinary length, the elongation of which 
Darwin considers must be the consequence of the length of the proboscis 
of a certain butterfly which is still uokuowo, and which would be the 
only insect which could determine the fecnndatioo of this orchid. Id 
fact, in all the flowers provided with short spurs, as this butterfly touches 
the nectar with the end of its proboscis, and does not introduce the lat- 
ter entirely, it does not carry off pollen with its head. Such flowers, in 
consequence, do not participate in the fecandation of the others, and 
tend to disappear. M. Boissier made some objections to this theory, 
which he considers iusufllciently founded u[>on observation and even 
logical dednctioD. 

M. Muller claimed to have proved in a striking manner the Intimate 
mingling of the two distinct forms of the ordinary cowslip or primrose, 
and gave this fact as a remarkable example of dimorphism. He recalled 
to mind that if fecundation takes place under the most favorable C0D<li- 
tions, it must be between flowers of opposite fonn. 

A communication was made to us by M. Licbtenstein, of Montpellier, 
upon the ravages caused in vineyards by the Phylloxera vastatrix. In 
the same family of plants certain species seem to be spared by this dis- 
ease. Thus, although the European vine transported to America may 
bo affected by it, it does not attack the vine indigenous to America. 
N. Tjicbtenstein has not observed iu Switzerland the injurious species of 
Phfflloxera. 

Lichens, and the theory of M. Schwandener, according to which they 
have been assimilated to a combination of mushrooms and sea-weeds, 
have been the subject of a communication fVom M. MUller. It is true 
that the anatomic structnre of lichens eshibits the superposition of 
green cells called gonid^s, aud this is analogous to that of sea-weeds, 
also a felty tissne containing no chlorophyl, in which it resembles the or- 
ganization of mushrooms ; but still we n^ver find among the lichens the 
effects produced by the parasitism of tbe mushrooms, aud there exist 
among them forms of fruit and spores never found among tbe mushrooms. 
M. MUller does not accept this theory, and sees in lichens a dimorphism 
of which tbe two terms are : 1. A complete state, known nuder the name 
lichen. 2. An incomplete state, never producing fruit, and which cor- 
responds to tbe lichen which grows iu au isolated condition. 

M. Duby informed the society that an anomalous moss had been sent 
to bim from New Caledonia, fie described two characteristics found in 
uo other known moss, which establishes a new genus. The name Mr. 
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Daby bas given to tbia genna is Sitnodimteaj and the species bos been 
called Spathoidea. 

M. de Caudolle bas atated to tbe society that a plant, the Linnea 
horealis, whose existence in our vicinity bas been ankuown aiuce Ue 
Sanssare found it growing upon the Voirons, had been discovered by 
M. F. Privat, upon the pasa of Ocbe. 

M. W. Barbey preaented to the society an article upon plan*^ of the 
genas Epilobium. lu tbia genns there are some eapecial difficulties in 
the determiDatioQ of species, concerning which tbere is great uncer- 
tainty, notwithstanding nnmerous inveatigationa. Tbe seed ought to 
fhmish the best characteristics for determination, but tbe EpUobia mul- 
tiply readily by suckera, which fovora the permanence of tbe hybrid 
specimena which abound in this geuos. These plants are fonnd in 
great abundance in New Zealand. 

M. Humbert bas presented several very Interesting commanicationa 
npon some publications relative to natural history, particularly upon 
the work of Heeckel on calcareooa spongea. 

I ought also to meution several reviews, presented by different mem- 
bers, of published works; among others, that of M. Ernest Favre, of 
tbe work of M. Barrande npon the ailurian formation of Bohemia, and 
tiioae of M. Micheli, of the new edition of tbe treatiae on botany of M. 
Sachs, and of a work of M. Kranss, professor of botany at Erlangen, 
npon tbe coloring matter of chlorophyl. 

If I do not dwell upon commnuicatious of tbia kind, it ia becaase, in 
the reports of the president, as I have said before, it is customary to 
confine attention principally to original papers ; but I cannot terminate 
this report without special notice of the communication, so full of in- 
terest, made by M. Alphonse de Caudolle to the society, in its session of 
June, 1S73, the laat at which I had the honor to preside. In announc- 
ing tbe publication of tbe seventeenth and last volume of the Prodromue 
ti/stematia naturalia regni vegetabilis, he gave an historical summary ot 
this great and important work. I willingly extend this detailed account 
of what I consider one of tbe most gloriona memorials of the science of 
Geneva. 

The idea of making a complete revision of tbe vegetable kingdom 
was conceived by Augustin Pyramus de GandoUe, during the last years 
of bis residence in Montpellior, altout 1813 or 1814. 

The end he proposed to himself then, especially, was to improve and 
diffuse the knowledge of the natural system be was the first to make 
nse of, in an important flora, (Flore fran^aise, 1805,) and the principles 
of which he unfolded in bis elementary treatise, (18ia.) He began 
with some monographs of families, very carefully elaborated, which he 
published iu two volumes called liegni vegetalnlis systema naturale, (1818 
and 1821.) He soon saw that to treat every family iu this way would be 
beyond the powers of one mau, aud would require a great deal too much 
time, even supposing, as waa then believed, that the number of species 
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did Dot exceed 25,000 or 30,000. De CaDdolle modified bis plan, and 
took up tbe series of families nnder a very mucli abridged form iu bis 
work wbich he called the Prodromas. The title indicates that he at some 
failure time hoped to take up again the Syatema, bat the enormouB iu- 
crease in the number of species discovered, after the peace of 1815, sood 
convinced him that this was impossible, aud as the articles in tbe Fro- 
dromus were considered too brief, he lengthened tbe descriptions, after 
the third volame,and continued to do so until the middle of the seventh 
volume. There he came to the end of tbe great family of compound 
flowers, the elaboration of which was his last and greatest effort. 

He was attacked by a serious illness jost as be attained bis sixtieth 
year, and was obliged to accept of assistance in the work of coutinning 
the Prodromns, which he had never before done, except with articles of 
very little consequence. MM. Bentham, Danal, Decaisne, Grisebach, 
Oboisy, Duby, Boissier, Moquia, Meissuer, and Alpbouse de Gaudolle 
coatrtboted their aid, and gradually fomished extended articles. De 
Gandotle expired on the 9th of September, 1841, and bis son continued 
to direct tbe Prodromus, preparing himself certain articles. With the 
aid of other assistants, at tbe end of thirty -two years he had added ten 
volumes to tbe seven that his father had published. The seventeenth 
volume completed the principal class of the vegetable kingdom, the 
Dicotyledons, with the exception of one iamily {ArtoearpeU) which tbe 
author could not prepare in time, nottrithstanding tbe delay accorded 
bim. The whole forma a series of unparalleled monographs, including 
214 fiunilies, 5,134 genera, and 58,975 species. 

The Prodromus has been, we may say, tbe great anthority of descriptive 
botany for half a century. Its order for families has generally beeu 
adopted, its form of compilation imitated, and what it proposes or sanc- 
tions admitted. It has been of great service iu doing away with a num- 
ber of genera and species for which there was no foundation. As tbe 
work was published when most of the now plants were discovered, it con- 
tributed greatly to making them known. It includes G57 new genera 
and 11,790 new species; that is to say, more than Linnsens knew of for 
the whole vegetable kingdom. M. de Gandolle shows, by comparing 
the volumes three by three from tUe commencement of the work, that 
tbe proportion of new genera in relation to the old constantly dimin- 
ishes, while the proportion of now species remains the same ; that ia 
always abont 25 per cent. We may, therefore, conclude that by the 
end of the present century we shail have discovered very nearly all the 
genera which exist, wbile with species this is still far from being tbe 

One of the causes of the infiuence of the Prodromus has been its 
entire impartiality with respect to the botanists of all countries. Tbe 
authors have beeu chosen without reference to nationality. They are 
thirty-three in number, including MM. Gandolle, and of these thirty- 
three contributors twelve are Swiss, nine French, seven German, three 
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English, one Italian, one Swedish, one from Holland, and one a Bel- 
gian. 

Angnstin Pyramas de Candolle has written almost a third of the 
work, 4,303 pages; Alph. de Candolle, 1,3S7 pages ; J. Miiller, of Ar- 
govie, 1,114 ; Bentbam, 1,133 ; Meissuer, 83S ; Dunal, 732 ; the twenty- 
itine other assistauts, articles less extended. De Candolle, his son, and 
bis grandson (Casimu?) have compiled 5,947 pages out of the whole 
13,194. The contributors residing at Qeneva have furnished six-tenths. 

.The mere correction of proof in sacb an especial work has been a 
great labor for the two directors, who have done it all themselves. They 
have also greatly assisted their colaborers, by taking notes for sixty 
years, without interruption, of all new descriptions and plates which 
have appeared in botanical books and jouruals. These notes, classed 
by families, form the most complete repertory of descriptive botanical 
literature ever compiled. 

Several motives indnced M. de Candolle not to extend the Prodro- 
mus beyond the Dicotyledons. The priocipal one was the great increase 
in the difBcalty of the work, ou account of the continnalty-increosing 
number of specimens to be examined and of species and characteristics 
to be determined by the aid of the magnifying-glass. When A. P. de 
Candolle commenced, an active botanist could describe, according to 
the cnstom of the time, 1,S00 or 1,800 species a year. S'ow, with the 
work prepared as in the last volumes of the Prodromna, and in ac- 
cordance with the existing state of scieiice, an induatrions botanist could 
describe not more than 300 or 400 species a year. The difficulty of ob- 
taimng the manuscripts at the time promised by the authors was 
another great obstacle. To this cause must be attributed the delay in 
the publication of the Prodromus, the volumes having appeared more 
and more slowly in proportion as the number of writers was increased. 

The execution of this magnificent work has required fifty years, 
indeed sixty, if we go back to its origin. It has employed three gen- 
erations of the same family, which is an unusnal circumstance in the 
history of science, and will forever associate the name of Candolle with 
the most remarkable scientific achievements of Geneva. 
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WARMING AND VENTILATION. 



By Abthur MoRiK, 
DtreotOT of Ue Contentttory of Artt and IViid.j, Pari*. 



[TranslBted for the Smithsouiaa lostitntioD by Cloreaoe B. Toaag.] 

IConiitiueS/TOm ihe JSmUktonian Btporlfor 1873, p. 3ia] 

APPLIOATIOKS. 

55. Ventilating fiy means o/'common^rejjloecg.— Fire-places, thoagb not 
economical forms of hestiog-appanituB, produce a very pleasant temper- 
ature, and also serve as efBcient means of cfaanging tbe air of occupied 
apartmeuts. 

Katural draught produced simply by the difference between the temper- 
ature of tbe air within tbe chimney and that without, in many cases, 
carries off ns moch as 14,000 cable feet of air an hour, even when no 
fire is burtiiDg in the fire-place. 

With acoal or wood fire of moderate intensity, the amount of air carried 
off may be as much ns 42,000 cubic feet an hour, or 2,200 cubic feet to 
each pound of wood barued, and 3,2U0 cubic feet to each pound of coal 
burned. 

Bat, with this advantage, commou fire-places have the serious defect 
of drawing in, through the joints of doors and windows, cnrreuts of cold 
air, which ran to the fire and chill the backs of those sitting there, an 
effect which is particalarly unpleasant when the face is very much warmed 
by the fire. 

Tbe varioas forms of apparatus in ase, which are designed to warm 
the apartment, and, at the same time, draw in external air to increase 
the draft aud promote combustiou, usually have too small fines, and beat 
the air to 176'^, 212°, or more, which, issuing horizontally at about the 
height of tbe occupants of the room, becomes at times unendurable. 
These forms of apparatus have besides tbe defect of obstructing the 
lower portion of the smoke-flue, and of reducing the volume of air coiried 
off. Fire-places made on Douglas tialtou's system, with the dimensions 
given in § 13, do not have these objections, and are unexceptionable 
means of warming and ventilating during the winter. 

56. Use of chimneys for summer-ventilation by means of gas-jets. — Chim- 
neys may easily be made to serve as ventilators during the summer, or 
on special occasions, by placing iu them an iron or copper pipe furnished 
with several gas-bamers. Iu the chimney of an ordinary apartment, 
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having an enrthen-ware fine 11 inches Bqoare and 66 feet high, the amoant 
of air drawn np the chimney to eacli foot of gaa horned will he greater 
the less gas is burned and the less the temperature in the flue, following 
pretty nearly the following decreasing series: 





Amouiit of air drawn ap 


Amount of gas consumed 
as lionr. 


the cbimney eirery 


hoQ itoeacboubic foot 




ofgasUoroed. 


Cubic feet. 


Cubiefat. 


7 


1,900 


14 


1,400 




700 


35 


000 


42 


600 


40 


' 450 



Tbe!>e approximate figures may serve to determine the number of 3J 
feet burners that will berequired to produce any desired rateof change of 
air ill an apartment. 

When the chimney is much lower than that just mentioned, it will be 
necessary to correct the calcalated volume of air in the proportion of 
the square roots of the heights of the flues. 

The pipe which conveys the gas to the flue may be easily taken away 
when not in use, and closed by a blind socket 

This mode of ventilation may be employed to advantage in drawing- 
rooms on reception -days, provided that registers be placed at conven- 
ient points for the introduction of moderately warm fresh air. 

During the summer, the system of ventilating by means of gas-jets 
will also allow the room to be maintained at a lower temperature than 
that of the external air, by drawing in the air from clean cellars to 
replace that carried ofT. 

Example. — The directors' room at the (Conservatory of Arts and Trades 
is ventilated in this way during the summer ; and, although the air from 
the basement is admitted through bnt a single opening, entirely too small 
for the purpose, and the doors of the room are constantly beiug opened, 
yet the temperature is always 4° lower than theroomof thesubdirector, 
which has a precisely similar exposure, but is unveutilated, and it is 7° 
lower than the temperature of the external air in the shade. 

67. Aiixiliary ventHating-Jluea. — For ouusnally large gatherings, in 
addition to the chimneys, additional flues may be cut in tho thickness 
of the front or party walls, in which gas-jets may be used to produce a 
strong draughts Thia method has been tried with success in a house in 
the Champs Elys^es, Paris. 

INPANT-ASri,UMS. 

Sd. In these charitable institutions, in addition to securing space and 
cleanliness, provision should also be made for obtaining an abundant 
18 s 
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aud regular supply of fresh air, without depeodlng upon the irregular 
opciiiug of wiudowB. 

Iq this respect, all establishments of this kind, even the model one ut 
the International Exhibition, fait far abort. They ure warmed by cast- 
irou stoves, the imperfections of which were shown in §16. 
As an example of what appears proper to be done in snch cases, 
E^.u> 1 will describe the plan car- 

ried out in the new asylum 
in the parish of Saint Am- 
brose in Paris, the construc- 
tion of nhich was intrusted 
to M. Picq, tbc architect, 
{Fig. 14.) 
This asylum isintended to 
|. receive fifty babies. There 
will also often be twenty- 
five mothers there at a time, while the attendants and patronesses present 
will usually add ten persons more. 
With these data, the maximum volume of air to be carried off and 

replaced by fresh may reach the following figures, (§ 40 :} 

Cnble feet. 

For 50 babies, (530 cubic feet each per hour) 2G, 500 

25 visiting mothers, (1,060 cubic feet each per hour) 20, 500 

10 attendants, (1,060 cubic feet each per hour) 10,000 

Total amount of air to be changed every hour 63, 600 

or 18 cubic feet in a second. 

This amount greatly exceeds the actual requirement, because the regu- 
lations of the asylum forbid the presence of the mothers in the main 
hall. They are received and nurse their children in a special apartment. 

The main room is 61 feet long, 24 feet wide, and 15 feet high, 
having, therefore, a content of about 22,000 cubic feet. With the 
amount of air mentioned above, the complete change would take place 

in - = 2.8 times au hour, which is quite sufBcient t« keep the room 

in a healthful condition. 

The room is warmed by a hot-air heater, with vertical cast-iron tubes, 
having altogether about one hundred square feet of heating-surface, 
communicating with a cold-air duct, which will be described hereafter. 

It was ioteuded that this heater should have two chambers : the 
exterior one, for drying damp linen, carryiug the vapor to the chimney ; 
the interior one, opening into the room, for warming drj- liuen. On 
account of the expense, these chambers were not made. 

There might easily have been placed around the fire-chamber in this 
heater hot-water pipes connected with a receiver, in order to furnish a 
supply of water for domestic use. 

In Bummer, the receiver, which, indeed, might have been placed ia 
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tbe chimney-flae, coald have been heated by a special fire. Tbis nset'ul 
appendage was givea up for the same reason as the other. 

Tbe fool air is carried off tbrongh ten flues, a, a, a, (Fig. 14,} made iu 
tbe thickoeas of the walla. The reqaired velocity of the cnrrent being 
2.3 feet a secood, (§ 50,) the clear sectional area of each flue has been 
18 feet 
10 X 2.3 ' 

The size of the openinga might then be I foot by 9 inches; bat, their 
area being reduced by a register which cuts off about one-third, tbey 
have been made 1 foot square. 

These flues open into coUectJDg-flues arranged under tbe floor on each 
long side of the bnilding; each of these collectors being able to carry off 
at a maximnm 9 cubic feet a second, with a mean velocity of 3 feet a 
second, (§ 50.) They have at their mouths a sectional area of 2.7 square 
feet, being abont 10 inches square ; but, at the first part, up to where 
the third down-flue enters, their areas have been reduced each to l.G 
square feet, they being 1 foot by 20 inches. 

Tbe transverse collectors, c, c, in which the air should have a velocity 
of 4 feet a second, (5 50,) have each a sectional area of ouly 2 square 
feet in their transverse portion, being I foot four inches by 1 foot 
7 inches, and they are but 2 feet 7 inches by 1 foot 7 inches where 
they enter tbe chimney, while there they should carry off 18 cubic feet a 
second. 

The chimney, which shonld carry off IS cubic feet a second at the 

velocity of 7 feet a second, {§ 50,) should have the area -^ = 2.57 square 

feet, or be 1 foot 7 inches by 1 foot 7 inches. It really has a sec- 
tional area of 5 square feet, which is larger than necessary. It contains 
the smoke-flue, aud it has, near the bottom, a little grate 10 inches by 
10 inches, forming a heater, in which a little coal-flre may be made ia 
mild weather in order to keep up the circulation of air. 

The introduction of fresh air is made in accordance with the rules 
given in §§51, 62. 

Tbe fresh-air supply for the heater A is obtained by means of a pipe, 
B, carried from the garden and passing under the floor. At its outer 
end, this pipe is connected with a sort of chimney connected with a grat- 
ing to prevent the introduction of foreign bodies. 

The air to maiutniu tlie draught of tbe fire is taken from the little 
room C. 

The warm air supplied by the heater passes to the upper room by 
pipes, ddd,eee, placed under the floor of the attic-room in the line of the 
building. The construction of the roof did not permit of asing only a 
single pipe, which would have beeu snfilcient. Tbe cold air to be mixed 
with the warm air is taken in the upper room, where it is deflected 
toward tbe pipes by means of slats, so as to be delivered above the warm- 
air pipe ddd. 
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A sbelf fastened to eacli aide-vall at half the height of the longitad- 
inal pipe eee secures the separate admissioa of hot air below and cold 
air above. It is safflcient that these shelvea be 10 or 12 feet loDg, bat 
tbey should be made of earthen ware, in order that they may not be too 
much heated by the action of the air from the heater, which might pre- 
vent the entrance of the cold air. 

The two pipes for warm and fresh air are 12 inches by 20 inches. 
Four openings, g,g,g,g, placed in the ceiling in the center line of the room, 
admit the mixtnre.of warm and fresh air with a velocity of about 20 
inches a second, (§§ SI, 52,) and in order to allow for the obstmction of 
the grating they are made 28 inches by 35 inches. Begiatcrs are placed 
at the lower part of the chimney to regulate the amount carried off, and 
they are also placed in the warm-air and fresh-air pipes so as to obtain 
the proper mixture. 

Such are the simple and inexpensive arrangements which serve to 
maintain in this asylum a degree of healthfnlueas superior to that of 
other establish men ts of the kind. 

59. Besulta of experiment. — The plan just described was carried out, 
with a few modi&cations in details rendered necessary by local condi- 
tions and by work previously done. The asylum was opened January 
27, 1868, nnd experiments made there in the first part of February, 
which gave the following results: 

Resulia of experiments made in Saint Ambrose Infant- Asylum. — The 
inside work of this asylnm was not finished till the latter part of Janu- 
ary, and the hall was opened on Monday the 27th to the first children 
that were presented. After three or four days of heating to bring the 
interior to the proiier temperature, the esperiments were begun on the 
31st Jauuary. 

In the first visit to the hall, it was noticed that the foul air was car- 
ried off very well by all the openings, although the velocity appeared 
considerably greater at those nearest the chimney, as is natural. It 
would be easy to render the amounts carried off through the openings 
more uniform, if deemed necessary, by placing a register at each opening 
nnd regulating it once for all. 

The admissioa of fresh air is provided for by means of openings in 
the ceiling, and its velocity does not exceed IS or 20 inches a second. It 
can be rendered entirely uniform by partially closing the openings far- 
thest from the heater, but this is not necessary. 

The amount of air admitted into the heater to be warmed may vary 
greatly according to the intensity of the Are, but, with the very moder- 
!ite consumption of 57 pounds a day, it was fonud to be, on the Cth of Feb- 
ruary, 62,000 cabic feet; and on the 7th of February, 59,000 cubic feet, 
raised from the external temperatui<e 42°, the usual mean temperature 
of the winter, to S8<^, at which it was admitted into the room. The 
heater, on account of the large dimensions of its chambers, was more 
than sufficient alone to supply the room in winter with fresh air heited 
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to a comfortable degree. Tbe additional fresh-air dacts woald then be 
ofton fouud annecessary, and uigbt be clo8e<]. 

Tbe amoaDtof air bronght into the room tlirough theo[>ening3 in tbe 
ceiliDg was foacd tbe same day, Febrnary 7, to be equal to 60,(HH) cubic 
feet au hour, coafirming the previous opiaion. 

Tbe amount of foul air carried off by tbe ventilating-cbimney was as 
mach as 05,000 cubic feet the same day aud nader the same circum- 
stances. The mean temperatnre in tbe chimney waa — 

Febroary 6 84= 

That of the external air being 44^ 

DiBference 40^ 

Tbos, with this mean winter-temperature, that of 61° was maintained 
in the room, and, with an excess of 40° in the chimney over that of tbe 
air, almost 63,000 cubic feet of foal air was carried off, as has been 
stat«d. 
Tbe consamptioD of fuel an hoar was — 

PoudiIs. 

For heating 7 

For the ventilatiug-chimney 3 

10 

Tlie babies being left in the morniog and talcen awaj by their mothers 

in the evening, it will be sufficient, in onlinary weather, if the fires be 

kept lip at most eight hours a day. The daily consumption will then be 

on a mean 10x8=80 pounds a day. 

The fuel used is composed of 75 per cent, of coke and 25 per cent, of 
coal, and it will be estimating it above its value to charge it at 910 a 
ton. Tbe expense of fuel during the winter wonld then be at most 

1,.,. —=36 cents a day, or $36 for 100 days, to obtain a change of air at 

tbe rate of 63,000 cubic feet an hour. 

Duringthe sen son when artificial heatiBnotreqaired,theTentilating-flre 
alone should be used, and will usuallybnrnnot more than about 3Jpounds 
of coal aubour,or271b3.aday,fortheperiod when the openingof windows 

200x27x10 
will not be sufQcient, or during 200 days, ^t^ttj — - = $24. The total 

annual expense would then be at most $G0 for an asylum which, though 
intended for but 60 children, might easily receive 100 in the large well- 
ventilated apartment, whiuh has a content of 23,000 cubic feet, giving, 
in that case, 230 cubic feet for each child ; while in the primary schools 
of Paris there is allowed, on an average, but about 155 cubic feet to each 
child of from G to 12 years of age. 

Under these conditions, tbe ventilation of 63,000 cubic feet for 100 
beds, or 230 feet a bed, an hour wonld be almost double what is neces- 
sary, and conid easily be reduced to 42,000 cubic feet an hour. But even 
supposing that it be kept as it is, tbe mean expense for each child would 
be at most 60 cents a year. 
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It should be added that, without urging the ventilating-fire, it is easy, 
n^ith the proportions adopted, to iuurease the amount of air removed to 
more than 88,000 cubic feet an hour. 

Id conclusion, we see flrom these esperiments that the dimensions 
adopted in this first application to infant-asyluma are much larger than 
necessary, and that the results inteuded have been more than realii^ed. 
It may then be considered certaiu that iu making similar arrangemeuts, 
even with smaller dimensions, all requirements for good and complete 
ventilation will be satis&ed at an expense mnch less than that iacarred 
in the asylam which the parish of Saint Ambrose owes to its venerable 
cnrate, M. Langeuienx. 

60. Proportions for an asylum of fifty cradles. — According to the 
results of the experiments which have just been meutioued, and the 
conditions of service imposed by the regnlations, the arrangements 
adopted by the Saint Ambrose Asylum greatly exceeding the necessities 
of the case, the following data may be assumed for a similar asjlum : 
Amount of air to be carried off and replaced for 50 

children, at 630 cubic feet each per boor 2G, GOO cubic feet. 

For attendants and visitors 8, 800 cubic feet. 

35, 300 cubic feet. 

Floor room, 16^ feet to each cradle 812 square feet. 

Interior height 13 feet. 

Total cubical contents 10, 600 cubic feet. 

Equivalent to 212 cubic feet to each cradle. 

The air of the room should be changed T7jr7u.= 31 times an hour. 

The volume of air to be carried off and replaced iu a second would be 

^5i^=0.8 cubic feet. 
3t)U0 

From these data, following the preceding rules in the calculation of 
the dimensions of openings and dues, all the expenses of founding and 
carrying on the establishment will be kept withiu narrower limits than 
those which have attended its first application. 

PEIMAKY SCHOOLS. 

61. The plans adopted should be designed to carry off and replace a 
volume of 400 to 500 cubic feet an hour for each child. 

The veutilatiug-openings should be placed in or against the vertical 
walls of the two long sides of the room. It is only in case of great con- 
structive diflflculties that they may be eoufined to a single side. There 
should be as many of them as possible, and they should have a clear 
cross-sectional area that will give to the air carried off a velocity of more 
thau 28 inches a second. They should connect with descending fines 
leadiug Iu the cellar or under the fioor to a collecting-pipe, which, in 
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most cases, slionld be carried directly to the foot of the ventilatiiig- 
shaft. 

The latter aboold be placed for its whole leo^h beside the Bmoke-pipe 
of the heater, the beat from which will assist the draught. Bui this beat 
will not Dsaally be safDcieiit to give proper activity to the draught even 
when the external teuiperatare is very low, and it will be necessary to 
keep ap a little coal-fire at the bottom of the Teotilatiog-shaft io a grate 
detached from tbe walls. 

If local arrangements prevent making tbe fire at the bottom, it may 
be made at tbe floor-level or at tbe top, keeping the ventilatiiig-open- 
ings, however, in the vertical walls and near the floor. 

The fresh air, warai or cold, should be admitted near the ceiling, and 
preferably parallel to its surface. Id the season for fires, the air bui>> 
plied by the heater should be mixed with tbe external cold air. The 
proportion of each may be regulated by means of registers easily con- 
trolled from tbe interior of the room, so that the mixture may have ouly 
tbe temperature of 85° to 95° at most. 

The fresh-air openings should be smiuged, if possible, along the 
whole length of tbe room, or at least be very numerous, and their sec- 
tion calculated so that the entering air should have a velocity of 40 
inches a second, if it is directed horizontally parallel to tbe ceiling, or 
20 inches, if ic has a vertical direction. 

62. Example. 8ckoolin tbe Bue des 
PetitsHdtelg, Paris, (Fig. 15.)— This 
school -building is intended for two 
perfectly distinct nses. The ground 
floor is used for tbe children's play- 
room. It is unnecessary to ventilate 
It, and a single stove is sufficient to 
warm it. 

Tbe second floor is occupied by tbe 
primary school kept by the Gbristiau 
Brothers, and is divided into four 
rooms, intended for 400 children. 
Tbe capacity of these rooms corre- 
sponds to a mean of 155 cubic feet fur 
each child, which is about the pro- 
portion adopted by the city govern- 
ment, and seems to as totally insuffi- 
cient; 250 to 280 cubic feet for each 
child appears the proper amount, es- 
pecially as many schools for children 
are used iu the evening as schools for 
adults. 
The third floor is devoted to a drawing-school nnder tbe charge of a 
private professor, and contains 270 desks, of which 200 are in the main 
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TODm, wbicb, in the evoiiiag, is lighted by 90 gas-baniers. The capac- 
ity of this room correspoads to 200 cubic feet to each person. 

TeutilfttioD iu the two rooois during the day is limited toSdOcabic 
feet to each person, which necessitates tbe renewal of 140,000 cubic feet 
an hour in tbe second story and 70,000 onbic feet an hour in tbe third 
story. 

The rooms are warmed by two beaters found by direct experiment to 
hiive a heating-capacity equal to 8L per cent, of the heat generated by 
tbe fuel,' aud having proportions corresponding to 4^ square feet of 
heating-surface tbr every 1,000 cubitt feet of room-area, snpposed to be 
Teutilated by a complete change of air twice an boar. 

Tbe warm air is carried to each floor by three vertical flaes leading 
into a large and long pipe extending throughout the whole length of 
the rooms, which receives fresh air from without iu order to regulate the 
temperature of the air admitted into tbe room. This air enters hori- 
zontally near the ceiling. 

The volume of warm air, at a temperature of from 140° to ISO'^ ascend- 
ing in tbe dues before being mixed with cold air, was found to be, in 
the second story, 106,000 cubic feet an hour; in the third story, 73,000 
cubic feet an hour ; aud this has been found sufBcient to maintain iu 
the rooms a temperature of from 60° to 70°, when that of the exterior 
air was 35° or 40°. 

According to the instrnctious given to the builder, the foul air should 
have been carried away from the second story by thirteen flues, the pro- 
portions of which had been determined by applying the rule adopted 
iu § 01, which fixes 2S inches a second as the velocity which the foul air 
should have in tbe first series of ventilating-flnes, -aa indicated in tbe 
following table : 

SCnOOL-HOOHS. (SECOSD FLOOK,) 
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* Aunaleti du Couservatiiire dos arto ot iii6tion, G* vol., p. 325. 



WAHMING Airo VENTILATION. 281 

Note. — Tbe bailder actaallj gave smaller sectional areas to the flues; 
still the intended results have been secured. 

In the first series of collectiog-flues Id each story, where the velocity 
is to be 39 inches a second, the sectional area should be — 

Square feet. 

For the second story, amount to be renewed in 1 second 

= 39 cubic feet, sectional area 12 

For the third story, amount to be renewed iu 1 second 

= 20 cubic feet, seetional area 6 

In tbe two collecting-flues terminating at the bottom of the general 

ventilating'Cbimney, tbe required velocity being 1 feet a second, their 

total sectional area was fixed at — 

SqDsre feet. 

For the second story 10 

For the third story 5 

15 
The latter flues cairy the fonl air to the bottom of tbe cbimoey, which 
is 66 feet high, and has a sectional area of 11 square feet. The two 
smoke-pipes being each S inches in diameter, or 2 feet in circumference, 
and having consequently 56x2=112 square feet of surface exposed to 
cooling, were not able, even in ordinary weather, to sustain the draught 
of the chimney, and a small auxiliary fire was deemed necessary. To this 
was given a surface of about 100 square inches, wbicb, when burning 3J 
pounds of coal an honr, carried off, on an average, 140,000 cubic feet of 
air an hour in the second story, and 70,000 in tbe third story. If the 
dimensions ofthe ventilating-flues given to the builder had been followed 
instead of being reduced to 16 square feet in the second story and 8 in 
tbe third, it is evident that the amount of air carried off would greatly 
exceed the prescribed amount, which shows that the rules which have 
been given allow for even serious defects in construction. 

The observations made in this building iu regard to tbe results of 
warming and veutilatiou lead to. this important conclusion, that with 
well-made heaters and a properly-arranged system of ventilation, school- 
rooms with 350 cubic feet of air to each pupil may be comfortably 
warmed and ventilated by tbe use of no more fuel than is required for 
tbe injurious heat obtained from tbe cast-iron stoves used in most schools. 

ADULT-SCHOOLS. 

63. Similar plansshouldbeadoptedforadult-scbools; the only change 
to be made consists iu increasing to 500 or 700 cubic feet the amount of 
air to be carried off every hour for each person ; or, in other words, to 
increase the size of the foul aud fresh air flues. 

NIGHT-SOHOOLS OF DESIGN. 

61. These present a peculiar difflcnlty in changing the air and mod- 
erating the temperature, in consequence of tbe large uumber of lights 
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or gaB-banierg wbicb the; contain, which often prodoco a degree of 
beat in excess of that necessary to warm the room. 

The general rale, which requires that the foal air shoald be drawn off 
near the floor, cannot be exclasively followed withont caasing carreots 
of air beated from 85^ to 95° to fall apon the stndents. It is, then 
uecessary to carry away the hot gases, the products of combastion, 
tbroagh the ceiling. Bat at the same time it is necessary to admit the 
fresh air, which in that case must be cool, at a certain height as far as 
possible ftvm the floor. 

Bnt if the same room shoald also be occapied daring the day as a 
study or drawiog-room, and if it were tbea ventilated according to the 
usual rule by drawing the foal air off near the floor, it woald be well at 
night to maintain that ventilation in order to assist the circnlatioD and 
the descent toward the floor of a part of the fresh air broDght io, of 
which to make np for the heatiog-eflect of the lights, there should be 
a macb greater amount thaa daring tbe day. 

Observations made in a school of design in Paris attended every 
evening by 200-tx> 210 scholars, and lighted by 90 gas-jets, consaming 
together 320 to 3oO cnbic feet of gas an boar, led for this special case to 
the following mles : 

1. Duriag the day, regulate the amoant of foul air drawn off at tbe 
floor-level to about 530 cnbic feet for each adnlt scholar and admit tbe 
fresh air near tbe ceiling. 

. 2. For night-sessions, make escape-openings in tbe ceiling, the clear 
area of which sfaonld be calculated at about 88 square inches for every 
1,000 cubic feet capacity of tbe room. 

If there is no loft above tbe room in which the ventilating- pipes can 
be carried, special pipes may be placed at convenient points, removed 
as far as possible from those at which tbe fresh air is introduced. These 
pipes sbonld be supplied with conveuient valves, in order that they 
may be closed during the day, and tbe amount of tbe hot gases removed 
at night regulated. 

3. Place in the two opposite walls of the room, or at least iu one of 
tbem, at tbe height of 10, 13 feet, or bigbor, if possible, as many fresh- 
air openings as convenient, each supplied with a rcgnlator to direct the 
air horizontally near tbe ceiling, tbe dimensioDs of these openings 
being calculated so that tbe volume of air admitted may be increased 
to six or eight times tbe total cubical capacity of tbe room, with au en- 
tering velocity of but 2 or 3 feet a second. 

By means of these arrangements, drawing-schools may bq made com- 
fortable at night, which at present are almost like furnaces, and in 
which it becomes necessary to open some of tbe windows even in winter, 
notwithstanding tbe discomfort which may be experienced in conse- 
quence by tbe scholars nearest to them. 

Iu the drawiug-scbool just mentioned, the total amount of air carried 
off every hour wasf 
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Cobio feeL 

April 4, 1866 367,600 

April 6, 1866 430,000 

Mean 398,800 

which corresponds to a total renewal almost eight times an bonr. 

By meaos of this active ventilation, the temperature in the room haa 
been maintained till 10 o'clock at night at 67° to 70° at 5 feet dbove the 
floor, and at 75° on an average at the ceiling, while, before the introdnc- 
tion of the means of ventilation mentioned above, it was, respectively, 
at the same heights, 80° and 90°. 

65. Plaiu to be adopted in icJutola already built, — It too often happens 
that DO plan has bean provided in schools, and especially in night-scliools, 
to produce even a partial change of air or to regulate the temperatare, 
so that a stay in them is aa unhealthfol as it is unple-asant. There is, 
then, as we have said, no resoarce but to open the windows, and this is 
both nncoiofortable and injurious to the scholars seated near them. 
These defects may, however, be removed, at least in part, in most cases 
by adopting the arrangements described in § 64 in the case of a drawing* 
school. 

In order to carry off the hot gases arising from the lights, and pre- 
vent them from affecting the scholars, ventilating-openings should be 
placed ne-ar thoceiling. A number of veDtilating-flaes should he cut, 
the size of which may be calcnlated by the preceding rules ; if possi- 
ble, making them so large that the air may t>e renewed four or five 
times an hoar. If, however, it Is only possible to make one flue, it 
should I>e connected by means of a horizontal pipe, with a series of ori- 
fices in one of the long sides of the room. At the bottom of this flue 
should be placed either a little grate or three or four gas-burners, each 
consuming about four cubic feet an hour, in order to keep up the draught 
when the external temperature is too high for natural ventilation to be 
effective. The use of gas is in most cases of this kind more convenient 
than acoal-flre. 

On the side opposite to that by which the fonl air is carried off, a nnm- 
bcr of ventilators should be put in place of the upper panes of the win- 
dows, and arranged so as to be opened more or less as needed, in order 
to admit the fresh air as near as possible to the ceiling. By increasing 
and suitably arranging these openings, the iujarions effects from the 
entrance of cold air will be avoided. 

Arrangements of this kind have been recently adopted in the school 
at Saint Martin's Market, kept by the Christian Brothers, where there 
are about 100 scholars in the drawing-room every evening, light being 
furnished by a great many gas-burners. Simple wooden pipes carried 
np to the roof, and the employment of a few gas-burners, prove suffi- 
cient to carry off the foul air and gas, and indirectly to draw in fresh air 
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throngh the Teotilatora placed oo the opposite side to that by which the 
foal air is removed. 

These meaos are far from being perfect, bnt tlieir employmeut in 
Bchool-baildiogs already bailt is almost always easy aud inexpensive. 

LYCEUMS AND COLLEGES. 

66. In these institations, where it is of the greatest itnportaace to 
secure the cbaoge and parity of the air so as to promote the physical 
development of the youth, it is well to provide for this rt^uewsl at the 
rate of 500 cubic feet of air an hour for every child under 12 or 14 years, 
aud 900 cubic feet for every person 15 years old or older. 

The class and study rooms having to be warmed and ventilated con- 
stantly during the day, and the sleeping- rooms during the night, it is 
best to make use of snch forms of beating and ventilating apparatus as 
include all the rooms of the same building. Those employing hot water 
should always be preferred, notwithstanding their greater first cost, be- 
cause that is largely compensated for by their regularity of operation, 
and also by their econoniy of fuel. 

Cast-iron stoves, too often used in these establishments, are extremely 
injurious, not ouly becanse they heat too irregalarly, and often to ex- 
cess, but also because the iron, a porous metal, produces a noticeable and 
dangerous alteration of the air. 

67. Application raade at the Toulon Lyceum. — M. Laval, one of the 
most skillful of French architects, and one who has for several years 
past been specially occupied with questions relating to the henlthfulness 
of habitations, has made a very happy application of the principles jnst 
mentioned in the new lyceum at Toulon, which he designed. Some de- 
tails in regard to it will prove of interest, since they will serve both as 
an exemplification of the rules and as a model to be followed in similar 
otrcnmstances. 

In this establishment, there is a main court-yard, giving access to 
all the rooms, (Fig. 16.) This com- fi^.i6. 

munieates right and left, by means ______ 

of passages, with the halls, studies, - J~l 'r~\ - 

and class-rooms of tbe first i 

second dirisions. At tbe rear, in 

a separate building, are placed I 

tbe natural-history collections and 

the physical apparatus. Behind ,|_ 

this building is the hospital-court, [ _. \\ - 

around which are, on thegronnd-floor, the dining-rooms and tbe kitchen, 

and, on tbe second floor, the infirmary with its bed-rooms. 

The lyceum will accommodate 300 boardiug-scholars, occupying doring 
tbe day six study-rooms and at night ten bed-rooms. There are also 
twenty-two class-rooms, each intended for forty scholars on an average, 
which should be ventilated at tbe same time as the study-rooms. All 
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the class-looms and studies on one side of tbe staircase have together 
a content of 42,000 cubic feet, vhich is Ut hn ventilated by one 
apparatus; and the two sleeping-apartments placed above these 
* rooms hare each a capacity of 37,000 cubic feet, or together 74,000 cubic 
feet. The chimney and the veutilating-apparatus, which will be de- 
scribed hereafter, then serve dnriug tbe day to ventilate the recitatioa- 
rooms, containing 42,000 cubic feet of air, and during the night tbe bed- 
rouDiH, coutaiuiug 74,000 cabic feet. 

Tbe clasa-rooms and study-rooms in each division are placed on the 
grouud-floor of large buildings, of which tbe second floor contains tbe 
corresponding bed-chambers. A flue staircase, placed near the middle 
of ea<^ wing, gives access to the rooms. Fig. 17 sbowB tbe general 
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arrangement of tbe gronnd-floor of one of the four similar bnildings. 

The climate of Toulon is so mild that no arrangements for heating 
bad to be provided, but ventilation appeared still more necessary under 
tbe southern snu than almost anywhere else. 

M. Laval took as a basis for tbe calcniations and the dimensions he 
adopted the renewal of a volume of air of 900 cubic feet an hour to 
each person, which seems amply sufficient. 

Th« ventilating-flnes were made in the thickness of the walls of tbe 
rooms on the ground-floor and the sleeping-rooms; their unmber as 
well 36 their areas were calculated by allowing a velocity of about 28 
inches a second to tbe air passing into them, (Fig. 18.) 




The general system adopted is that of a descending drangbt, and the 
veutilatioD is confined during tbe day to the lower rooms and at night 
to tbe sleeping- rooms. 

Tbe descending pipes, which receive the foal air at each side of tbe 
front rooms, nnite nnder the floor in two central collecting-pipes, placed 
right and left of the staircase, each terminating in a ventilating-chimney, 
of which there la one on each side of tbe staircase. 
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Each story has its ventilatiDg-pipes ai 




A coke-stove, only filled every twelve li 
be regulated at will, is placed at tlie boi 
rol tlie TeDtilating-current. 

Such are the simple and ioexpeosive 
four buildings containing the study-roc 
ries. 

The building containing the dining-roo 
lated 1q a similar way; but for them M. L 
the waste heat from the cooking-rauge, ii 
day. 

lu the dining-rooms, the tables are ar 
an ont«r wall, pierced with many windov 
from the inflrmary-conrt. Theventilatin, 
face of the opposite wall in the space bet 
Ones lead into collecting-pipes, which car 
the kitchen-chimaey ; and this is alwaj 
sufficiently powerful draught. 

For the infirmary, situated ou the secoi 
similar; and as the dining-rooms only di 
hours, the heat of the kitcheu-rauge an 
paring decoctions and ponltices, not only 
off the foul air, but also to beat the baths 

Introduction of fresh ((if.— Tbe mildn 
allowing, as has been snid, artificial bea 
trodnctlou of fresh air does not present ai 
is necessary, except to prevent the drauf 
M. Laval has provided for that by placi 
upper panes iu the window to throw th 
valve allows the amount of opeuing to h 
the draught renders it necessary. 

In the sleeping-rooms, he has added co 
renewal of the air during the night ; the 
under the window-ledge allowing tbe ai 
and under the beds in order better to pui 
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Tbese are all ventilated by meaoB of a large central chimney, 7 feet 
in inside diameter and 118 feet liigU, n-liich receives the bot air from the 
farnaces of the steam-boilers, and, when needed, additional beat from 
a separate fire. Along the outer face of the side-walls of each building 
extends a subterranean passage-way of masonry, (cc, Figs. 21, 22,) 2 
^^ feet square, leading to the 

^'^^' 4^^^ base of the chimney. Wher- 

ever the phosphorus is 
placed, au opening is made 
either in the walls or in the 
floor, communicating by a 
small pipe with the under- 
ground passage so as to 
f carry off the injurious va- 
pors without allowing them 
to spread in the shop. 
Special arrangements differ according to the nature of the work. 
Thus, where the tips are prepared, a wide and shallow fannel is used, in 
which the draught is increased 
by the flames of the melting-fire. 
The shop for the dippiug and 
drying operations, which are the 
most dangerous, is particularly 
well ventilated. The general 
arrangement is shown in the 
two figures, (21, 22.) The build- 
ing is GG feet by 49 feet. Along 
the two sides are placed the dry- 
ing-chambers E E E, 18 iu num- 
ber, each being 6 feet wide, 16 
feet deep, and 7 feet high to the 
spring of the ceiling-arcb, and 9 
feet to the crown. They are con- 
nected with the ventilating-tun- 
nel c c by a triple row of open- 
ings, o,o,o, 10 inches by 5 inches, 
at the floor-level, and receive 
the external air either by chimneys extending above the roof or by 
openings, 9 inches by C inches, placed at the bottom of the iron doors of 
the drying-rooms, and taking air from the maiu hall. The doors are 6 
feet high and nearly 3 feet wide. The drying-rooms are heated by three 
rows of 2-incb steam-pipes placed under the floor. The channels in 
which tbese pipes are placed should receive cold air to be carried 
directly into the drying-chambers. Valves worked from the outside 
of the chambers control the admission and removal of air, which should 
eater with a temperature of about liiP. that of the chamber not exceed- 
ing 95°. 

19 s 
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Ill front of each range of drjing-chambers there is a small railroad, 
ezteodiDg from the melting-room to the warehouse. An iron car takes 
the prepared composition, and carries it to the dryiog-cbambers in snc- 
cession. Before each door or station, an orifice, o' o', made in the floor, 
exerts a poverfnl draught, which draws the vapors into the exterior lateral 
tnnnel. The dipping is quickly done, and the frames are immediately 
placed in the drying-chambers, the iron doors of which are carefully 
closed. 

The middle portion of the building is reserved for boxing. Under 
the tables are also placed ventilatiog-openings, o" o". The filled boxes 
are finally put in tbe car and carried to the warehouse. 

The maiD passage-ways c c and c' c' enter separately into the base of 
tbe chimney, and are kept apart there by small vertical walls, in order 
to prevent contrary currents and to allow them to be regulated at will. 

By means of these arrangements, all smell of phosphorus in the main 
factory is prevented, and tbe men who work there are no longer exposed 
to necrosis. By taking the additional precaution of having them fre- 
quently visited by physicians, and of maintaining proper rotation in 
tbe hands employed in the different shops, they will be completely freed 
from this terrible disease. 

MANUFACTOEIES. 

72. In some manufactories, it is essential for the quality of tbe pro- 
ducts that the internal temperature be not allowed to fall below a cer- 
tain limit ; or, in other words, tbat the manufactory be heated even in 
spring and fall, and tbat the windows be kept closed. From this it fol- 
lows tbat the air, not being changed, becomes gradually saturated with 
vapors and cutaneous emanations, and becomes at last untiealtbfol. 

The workmen being thus kept continually perspiring, although they 
take off part of their clothing, go out afterward into tbe cold air, and 
often contract serious affections of the respiratory organs. 

The conditions of tbe manufacture may be secured at the same time 
with those of hygiene by a strong ventilation, which shall constantly 
famish fresh air of the necessary degree of temperature and even of 
moisture while regularly carrying off the foul air. With this change of 
air, a temperatuie of 75° or IT^ will be found comfortable, and the work- 
men no longer be coutiunally perspiring in an atmosphere constantly 
becoming more impure. 

Tbe rules to be observed are the same as those mentioned before, and 
a complete change three or four times an hour will usually be sufficient. 

The escape-steam from the engines is in such cases usnally employed 
for beating, and it may be so regulated as to give the desired tempera- 
ture to tbe fresh air, and the smoke-stack of the steam-engine will, with- 
out additional expense, maintain the draught required for carrying off the 
fonl air. 

In cases where tbe smoke-stack would be otherwise too small, the 
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draagbtma; be increased or entirely prodaced init bybeatiogit by steam, 
or by placing a steam-jet in it as in a locomotive. 

73. Workafu^a in which dust more or teat dangeroua to breathe is pro- 
dueed. — In a large number of occapationa, the division of tbe taw ma- 
terials produces dust, wliicb may be fine or coarse, lieavy or light, 
harmless or iujiirious, and which it is important to remove from tbe 
workman and carry ont of tbe building. 

. In most of these cases, ventilation, by means of a draught produced by 
heat, would be insufficient, at leastunless it were madeextremely power- 
ful by an intense heat. It would be sufficient for light dust of very 
fluely-divided materials, but for heavier dust, such aa that produced by 
grindstones, it becomes necessary to use mechanical apparatus to force, 
through suitably- arranged pipes, cnrrents of air at a proper velocity, 
which trial alone can determine. 

In winter, when artificial heat may be required, as well aa in summer, 
when it is unnecessary, it is essential that the discharge-openings should 
be placed as near as possible to the machines which produce the dast or 
emanations, and that the openings for admission of ^esh air should, hi 
general, be far off, in order that the velocity should gradually increase 
from the point of admission to that of exit. 

But if the stop contain few wortcmen, if it is naturally sufficiently 
well aired, and if it is only requiretl to carry off the dust as directly and 
quickly as possible, it would be better that the air be admitted under the 
cover which should completely smTOUnd the apparatus or the machine 
above the point where the dust is produced, while the draught is applied 
below the same point and the dust is carrieddirectly ootof the building. 

The preceding remarks apply especially to those shops in which but 
a few detached instruments are used. 

74. Cutlery-works. — One of the most dangerous occupations is that of 
the cutler. When proper precautions are not taken, the dust ansiug 
from tbe grindstones, which are nsed dry, enters into the respiratory 



These dangers are reduced and almost removed by the following ar- 
rangements: 

75. Grindstones used wet, (Figs. 23, 24.) — The stones should be sur- 
rounded as completely as possible 
by a movable covering of wood or 
sheet-iron, which should hnvo no 
opening in front but what is abso- 
lutely necessary for the work. 

In order to avoid the chokingup 
of tbe ventilating-pipes, it will be 
necessary to provide special dis- 
charge-pipes for tlie water, some- 
what as indicated in the figures, according as the stones are partly 
below or entirely above the floor. 
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The passage intended for carrying off the dust abould be placed mi> 
derneatli the stone, and t>eyoDd the point where the work is applied, 
regarding the direction of the mo- 
tion. It shonld have a breadth a 
little greater than that of the stone, 
and a depth of eight inches, at 
most, for the largest stones. A 
slidingdoor serves to close it when- 
ever dry (lust is not prodnced. 
The water-discbarge pipe shonld 
also have a valve, which may be 
closed when water is not used, and 
when it is desired to carry off the 
dast produced when the stone is 
trned. 
The separate air-tnbes from each 
stone lead to a collecting-pipe 16 inches by 12 inches, to which they are 
united by couplings. 

If there are only four or five stones in the works, a single collecting- 
pipe will be sufBcient, and the blower should be plaeed at the end. But 
if there are eight or ten atones in one line, it will be better to place a 
second collector, 16 inches by 12 inches, in the middle of the length of 
the first, and perpendicular to its direction. The blowing-appamtas 
should l>e placed in the extremity of the second pipe. 

Finally, if there are two long parallel rows, with eight or ten stones 
in each, they should also be connected with tbe second collector, or with 
a third, IC inches by 20 inches, communicating with tbe ventilator. 

In all these arrangements, movable valves should be placed at the 
junction of each of the piiws, to prevent the circulation of air in those 
which are not used at any time for carrying off the dust, since it is not 
intended to ventilate at the same time all tbe stones of the same mill. 
The valves placed at the bead of each pipe should also be closed when 
it is not being ventilated. 

But the greatest difficulty in rendering these places healthful, as in 
most other cases, arises from the carelessness of tbe workmen, and in 
tbe negligence of the foremen, who do not insist on tbe strict observance 
of the regulations. 

7C. Application. — At Cbatellerault's armory, the results obtained by 
Peugeot & Bros., of Valentigoey, (Doubs,) in their hardware manufac- 
tory, were made use of, blowing-machines having been placed in two 
shops containing each — 

Main stones, 8 inches in diameter 2 

Grooviug'-Btones, 4 feet in diameter 16 

18 

A fan-blower, 31 inches in diameter and IC iuches wide, parallel to the 

axis, and having a central opening 11 inches in diameter, making 000 
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to 1,000 revolatioDS a second, and reqairing at most S to 10 borse-power 
to ruQ it, easily removes all the dust produced dariog the trniag of the 
two main stones and twelve of the grooving-stoDes, the other passages 
being closed. 

The axis of tbe fan-blower is placed iu the line of tbe last collecting- 
pipe, and is closed on the side opposite that pipe ; tbe air carrying the 
dast is expelled at the outer circumference, which is entirely free. 

Kot withstanding the success obtained in large works by the arrange* 
meats mentioned above, it woald be better in all cases to separate tbe 
workmen into small shops of two stones each, each furnished with spe- 
cial ventilating-apparatus similar to that which we have described. 
Becent trials seem to show that ventilation obtained by forcing in air 
wonld in this case prove very satisfactory. 

DBTING-CHAMBBBS. 

77. The general arrangements which should bo adopted,l'or drying- 
chambers are in conformity with the rules previously given. The air 
ehoald flow in at the top ; and, as in thiscase, it is always very hot, it 
enters of its own accord, but it is necessary that it should be introduced 
uniformly. The openings for the escape of the air saturated with moist- 
ure sbonid be placed near the floor and on the whole cireamfereace of 
the room. It is sufficient to connect the ventilating-pipes with the base 
of the chimney of the beating-apparatus. 

The temperature which it is necessary to keep np in the drying- 
chambers depends npon the natnre of the articles to be dried. For 
vegetable substances and Sour, it need not esceed lOiJ^ or lliP; for 
linen and cloth, l^S'^. 

Tbe particular conditions in each application may lead to some modi- 
fications of the general rnle^ Linen-drying rooms present a cose which 
it is well to specify. 

LIMBN-DBYINQ CHAMBERS. 

78. The arrangements for these useful accessories (Figs. 25, 26) to 
large bleaching-establishments have been carefully studied by Bouillon, 
MuUer &Co. The linen is carried to the wringing-macbine, which re- 
moves from it a great part of the water which it contains after having 
been washed; bat it still retains about one-third of tbe total weight 
when it reaches the drying-room. When it is hung vertically, this water 
accumulates principally at the lower part, which therefore becomes bard 
to dry. Again, when tbe air ebters through a single opening at tbe up- 
per part of the chamber, tbe interruptioD to the circulation of hot air 
caused by the linen which bangs in vertical bands and the force of the 
draught which tends to draw tbe air directly toward the reutilattng-open- 
ings prevents tbe drying from proceeding uniformly, eape-cially in large 
dry ing-honse^. The observation of these irregular effects has led Bouil- 
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loD, MuUer & Co. to adopt, for their latest lineD-dryiDg chamberB, the 
followiDg arrangements : 

Tlie cbambera of which a dr.viDg-room is composed (Figs. 25, 26) are 
very small, and are at most 10 feet long, 4 feet wide, and 5 feet high, or 
200 cubic feet in area. 



tf 



Tbe floor is composed of two piecea of carved sheet-iron, forming at 
tbe same time tbe top of the warm-air chamber of the heater below. 
These two pieces of sheet-iron leave an opening o between them, which 
extends tbe whole length of the dr;ing-room, and through wbicb tbe 
hot air is introduced, which, after having dried the bottom and dampest 
part, rises with tbe vapor it prodnces toward tbe ceiling, and descends 
again to tbe ventilating-openings, arranged near the floor along tbe 
whole length of the side-walls, the latter being made hollow and pro- 
vided with pipes leading to tbe chimney, which also contains the smoke- 
pipe, as shown in tbe figures. 

The liueD is arranged outside of tbe Jrying-chamber on brass tubes 
sliding on iron rods extending the whole length of tbe chamber. These 
rods and the tubes which they carry are placed at tbe middle of a nar- 
row door of the same height as tbe drying-chamber, which is only 
opened when tbe wet linen is put in, or the dry taken out. 

Each chamber contains 8 rods. They receive, in two charges, 106 
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pounda of damp Itaen, in which 35 poands of water remain after they 
have beeu wmog. 

The evaporatioD of these 35 poands of water is effected io an honr 
by the conaamptioo of about 11 pounds of coal. 

The temperature of the chamber is kept at 158°, and the amoout of 
air passing into the chamber varies from 35,000 to 42,000 cubic feet aa 
hour. 

Four chambers, with their 32 rods, are attended to by one woman, 
who &ll8 and empties them. 

According to the rates previously given, the 35 pounds of water 
evaporated, requiring 35 x 1170=40950 units of heat, and the 11 
poands of coal giving 159,000, the calorific effect of the apparatus is 

,^ 40950 
«^«^ to 159000 = ■2*- 

The same result was also obtained from some esperimenta made for 
seven years at La Saltpetri^re, in which, with a consumption of 6,415 
poands of coa), 18,940 pounds of water were evaporated, the calorific 
effect in these experiments was lound to be .24. 

POWDEC-DBTma ROOMS. 

79. In the case of powdered materials spread out to a certain thick- 
ness, it is often necessary to use blowers which drive the air under a 
table, closed on all sides, the top of which is formed of wire-gaaze, on 
which the substances to be dried are placed. 

Thus, in powder-mills, the air driven nnder the gauze has ordinarily 
a pressare measured by a column of water j\ or i inch high, and a tem- 
perature of 112° to 140<^. The thickness of the layer of powder varies 
from ^ to 3 inches, according to its nature. The air is heated to the 
proper temperatnre by means of water or steam pi[ies. 

Although, in such cases, blowers are most frequently used, the same 
result may often be obtained by means of a well-regulated draught 
alone. At the powder-mill of St. Cbamas, a drying-room, warmed by 
^ot-water pipes placed under the table, and supplied with a chimney 
ctntaiuing a hot-water vessel to produce a draught, has worked satis- 
factorily even in the case of blasting-powder containing 8 or per cent, 
of water. 



bO. The volume of air to be renewed every hour for each individaal 
)eing giveu at 1,000 cubic feet during the day, and 1,400 to 1,800 dur- 
og the night, the proportions and arraugements of the openings will be 
«termined by the preceding rules. 

But it is principally, and it may bo said solely, daring the night that 
te ventilation of the barrack -rooms is necessary, since, during the day, 
te soldiers are almost always out of it. 

rhe beating of these rooms during the day is intended only to enable 
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tbose who returo from dot;, after getting wet, to dry their clothes and 
shoes; for this purpose, ventilstiug fire-places are preferable to sheeMron 
stoves, because, in addition to the radiant heat they give oat, they have 
in this case the advantage of carrying off the vapor arising from the 
damp clothing, which would make the room unhealthy and disagreeable. 
The fire never needs to be kept up long, and it cannot be counted upon 
to prodace a constant change of air. 

If natural veutilutiou alone be employed, it is necessary, according to 
observations made at the Bonaparte barracks in Paris, that the open- 
ings for the admission and discbarge should be proportioned as follows : 

Area of openings and dues to each bed in summer : discharge, 31 
square inches; admission, G2 square inches. 

In winter, spring, and aotnmn, these proportions would be excessive, 
and means should be provided for closing part of the openings, so as to 
confine the circulation of air within proper limits. But the regulation 
of the registers or vah'cs should not be left to the discretion of the 
soldiers. 

The necessity of preventing the soldiers, in tbeir ignorance, from stop- 
ping up the escape-openings requires that in this case the rule should 
be violated which prescribes that these should be placed near the beds 
and the door, as it will be necessary to place them near the ceiling, as 
well as tbose for the admission of Iresb air. 

The first should open above the space between the beds, and the flues 
should be placed near the smok-j-flue or should receive the stove-pipe 
when stoves are used. The second, intended for the introduction of 
fresb air, are also placed near the ceiling, and made in the face of the 
opposite wall. • 

This arrangement presents the advantage that if, as often happens in 
ventilation due simply to the action of natural temperatures, the direc- 
tion of motion changes so that the escape-pipe becomes that of admis- 
sion, no discomfort is experienced by the men, who in both cases are 
removed as far as possible from the openings. 

These precautions will be completed by placing horizontal or inclined 
shelves under the openings, which will force the air always to remaii 
nearly or quite horizontol in entering or passing out. 

There is no reason to fear that the air fiowing in will immediately nsh 
to the escape-openings before circulating through the rooms ; the difer- 
ence of internal and external temperature will always enable the circn- 
lation to be maintained. 

81. Utilization of the lost heat of cooiing-atoves. — In most barracks, th« 
cooking-arrangements of the companies which occupy that part of thi 
building reached by one staircase, and often also all those used for 
whole wing, are collected in a single room on the ground-floor, devote 
to this pnrpose. There, separate stoves are used, in cooking, for eac 
company, squadron, or battery. Beside these stoves, strongly beati 
twice a day, or even in their chimneys, it would be very easy and in<- 
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pensivo to place hot-water receivers in tbe form of a drnin, or of pipes 
sach OS are olteu used in beaters, iDto which hot-water pipes ehoald be 
tapped, and then carried vertically in the foal-air Sne leading from tbe 
looms, thns Becnriug a change of air at all times aud without expense. 
Id this way, also, baths might be snpplted, which woald be of great 
service for soldiers' hospitals. YentilatioD being, as bus been said, mnch 
more important at night, when all the men of one mesa are together, 
than during tbe day, when most of them are out of doors, the registers 
— the regulation of which should only be made by the order and under 
the direction of tbe adjutant of the week — will serve to check or prevent 
escape of air during the day, so as to accumulate beat in tbe Ques for 
the night. 

HOSPITALS. 

82. General plan* and dimensions to be adopted for the ventilation of 
hospitals. — It is only proposed in what follows to give the propor- 
tions of the principal parts of the flues and pipes which it is necessary 
to use for the ventilation of hospital- wards, in order to secure the re- 
moval of vitiated air and the introductioti of freah air. 

These proportions apply also to tbe different plans which local condi- 
tions may cause the architect to adopt. 

The amouut of air to be renewed in the sick-rooms may vary, accord- 
ing to circumstances, from 2,000 to more tbau 3,500 cubic ftet au hour 
for each bed ; 2,800 will here be taken as a basis for the calculations. 

When local conditions permit, tlie fout air should be drawn off through 
descending passages; openings into tbem being made behind the bead 
of the beds, at the floor-level, but in the vertical walls, to be in number 
at least equal to one for every two beds in ordinary hospitals, and one 
to each bed in lying-in hospitals. 

When a hot-water heating-apparatus is used, and when tbe plans 
adopted as well as tbe proximity of chimneys permit, the waste heat 
from tbe small heaters and hot- water tanks used in tbe hospital should 
be made use of to assist the draught. 

But it is not necessary that the use of these little reservoirs, which 
have but a small capacity, should lead to the exclusive adoption of tbe 
np-cast draught, as L. Duvoir has done, and which is less advantageous. 

83. Advantages of the downcast dravght. — It will he remembered that 
the arrangements required by the down-cast draught lessen very much 
the weakening of the walls by the passage of ventilating-flues. 

Thus, for a building with rooms on three floors, as in the case of Lari- 
boisifere Hospital, the piers of the third story are not pierced for any 
flue, because their own commences at the floor; those of the second 
story arc only pierced by a single flue coming from the third floor; and 
those of the ground-floor only contain the two flues belonging to tbe 
second and third stories. 

The thickness of the walls being greater at the lower stories, the flues 
would always be proi>ortionally less injurious with descending draughts 
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than with ascending drauglits, the latter requiring the largest namber 
of flues to be made in the upper stories, where the walls are thinnest. 
Figs. 27, 28, which represent only the general teatnres, show the ad- 




vantages presented by downcast draughts over up-cast draughts as re- 
gards the weakening of the walls by the ventilating-flues. The down- 
draught, besides, as we have said, renders it easy, in order to give dae 
force to the draught, to make use of the entire height of Che maiu ventilat- 
Ingcbimney, to the hottom of which the flues are connected. It forma 
a very economical means of utilizing the heat expended in producing it. 
For a building of a construction similar to that of Lariboisifere Hospi- 
tal, where the piers at the ground-fioor have a mean width of 10 feet 
and a thickness of 2 feet 7 Inches, or 26 square feet of sectional area, if 
the two flues are carried from the second and third stories to the base- 
ment, they require, at most, in the walla — including the partition between 
them and even the interior brick lining — a space 2xl'+l"=2' 1" broad, 
and 9"+2"^ll" deep, or a total sectional area of 1.9 square feet; that 
istosay, one-fourteenth of the total sectional area of the pier, which could 
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not have any effect ou the stability of a well-constracted baildiug with 
a good foDodatioD. 

Oa the contrary, if the ventilating Sues be carried upward, the piem 
of the third floor, which are only 10 feet by 2 feet^20 square feet in sec- 
tional area, would be pierced by three flues, making a channel 3xl'+3" 
=3' 3" broad, by 11" deep, or 2' 9" sectional area, equal to one-seventh 
that of tbe masonry. This would not be admissible. 

In cases where tbe fines for the introdactioD of fresh air have also to 
be provided for in the piers, though this can sometimes be avoided in 
hospitals the wards of which contain only twelve or fourteen beds, it 
will be seen, then, that tbe enfeebling of the walls by the passage of all 
the flues will not endanger the solidity of properly-built walls. 

84. Casea where Hie icalU have not8u^eient ihkJcnesa. — When the nBtore 
of the materials nsed or local circumstancea do not permit of giving the 
walla sufficient thiclsness to allow of catting flues in them with safety, 
ventilatingshafts may be made projecting from the walls in the interior 
of the rooms, making them of light brick work. Then, to diminish as 
little as possible the available breadth of these rooms, and to prevent 
hurting their appearance, the depth of these flues should be restricted 
by making them occupy almost the entire breadth of the piers. 

85. Arrangenient of the ventilating tha/ts. — Tbe necessary arrangements 
should be made to prevent ventilating shafts of flues from being crossed 
by the beams or joists of the floor, which can easily be avoided by tbe 
Dse of trimmers. 

If there are no cellars under the buildings, which is not indispensable, 
BuEBciently large vanlts sboald be made tx> give the necessary area of 
passage-ways, and these should he covered on top, as well aa the floor of 
the first story, with a coating of tar-concrete, to protect it from moisture. 
If any difficulty be encountered in carrying the ventilating-flnea below the 
floor of the first story, tbey may stop at this floor. It is only in excep- 
tional cases, or in buildings already constructed presenting peculiar ob- 
stacles, that the flues should be carried from below apward in the upper 
fioors or in the roof. 

In every case, the discharge-fines corresponding to beds placed on dif- 
ferent floors one above another, sboald be kept separate in their verti- 
cal course and not united ill groups in partial horizontal conductors, unless 
separated by partitions for an extent of 10 or 12 feet beyond the outlet 
of those which are the nearest to the maiu Tentilating-cbimney, in order 
to prevent as far as possible the establishment of communications from 
one story to another. 

SC. Dimensions of venlilaUngJluea and collectingpipea. — The sectional 
area to be given to tbe first ventilating-passages should be calculated on 
the basis of the renewal of 2,800 cubic feet of air an hour, or J 
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cubic foot a second for each bed, and at a mean velocity of 2.3 feet a 
second, which wonld give '.-^ = .34 square foot, or 49 square inches of 
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sectiODftl area for each bed ; and as it is admitted that in common hos- 
pitals it will be snfflcient to have one fine to every two beds, it will be 
necessary to have 98 sqaare inches sectional area, or to make the flaes, 
say, 9 inches deep by II inches broad. 

For lying-in hospitals the volnme of air to be renewed being 3,500 
cubic feet an hoar to each bed, or 98 cnbic feet a second, tbe sectional 
area of the flues should be .43 sqnare foot, or 63 square inches. 

In the flrst collecting-pipes, which nnite the fines by gronps, a mean 
velocity of from 3 to 4 feet a second is allowed, and tbe sectional area 
may be calculat«d on this basis and according to the number of beds 
which it is necessary to ventilate. 

The secoud collecting-pipes, if any are formed to receive the vitiated 
air from the preceding, sbould be proportioned by supposing a mean 
velocity of from 4^ to 5 feet a second. 

87. Ventilatingdimney. — Finally, in the main ventilating-chimney, it 
is granted that the mean velocity sboald be about G feet a second, and 
that in tbe upper part it should be at least 6^ feet a second, in order 
not to be checked by gales. 

At the bottom of tbe chimney there shonld be an iron grate, sur- 
rounded by a brick rim, completely isolated from the walls, in order that 
tbe air coming in from the collecting-pipes may partly circulate aronnd 
it, and only become warmed to a moderate though sufficiently higb tem- 
perature. 

In every case, there should be arranged a direct passage opening to 
tbe outside at the base of the chimney, through which the fireman may 
feed the fire. 

If obliged to perform the work in tbe foul-air gallery, be would ran 
tbe risk of being suffocated, or at leastof esperieucingmucb discomfort. 

Tbe mean interior temperature of the chimney shonld in all cases ex- 
ceed that of the external air by a constant difference of 36° to 45°, in 
order to give to the draught the same force at all times. The veatilat- 
iug-flre should be much more energetic in summer than in winter. 

Similar methods proportioned upon the same data should be adopted 
in cases where tbe arrangement of the different wards leads to tbe use 
of a single ventilating-chimney for a largo number of buildings. 

Menus for maintaining the regularity of the firo will be given furtber 
on. 

88. Coses ichere the foul air may he drawn off at the floor-level. — When 
tbe general plan adopted for tbe building includes a veranda on one side, 
the foul air may be drawn off at each story, to avoid the necessity of 
making vertical flues in the walls, by placing tbe ventilating-chimney 
at some point in the veranda, and carrying the ventilating-pipes into it, 
placing them between the floor-beams. (Fig. 29.) 

A similar arrangement will render it easy to improve the ventilation 
by using a part of the beat from the kitchen and bath boilers, the hos- 
pital-stoves, smoke-flues, kitcben-ranges, &c. 
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la sacb a case, each ward would biire a maiD Tentilating-chimney 
carryiDg off the foul air from each story in flaes Beparated from each 
other as far as to the top of the upper 
story. At the bottom of each of the col- 
lecting-flaes may be kept a little auxil- 
iary beater, to be used ouly when neces- 
sary io order to obtnin a sufficiently 
powerful dranght. 

It should also be aoderstood that in 
every case the interior surface of the 
dues should be covered with as smooth 
a coating as possible, to diminish the 
resistance to the motion of the air, and 
that the openings should be arranged so 
as to permit of cleaning the dues at least 
twice a year, in order to remove the cob- 
webB and other obstacles which would 
interfere with the circulation of air. 

In general, it would be well to place on 
top of the veuttlating-cbimney a cowl, 
which the wind would keep with its 
month away from the wiud, so that 
strong windB would assist the draught, 
instead of checking it, as they would do 
without this precaution. 

The proportions and the general ar- 
rangements which have been indicated 
shoold also be observed when it becomes 
necessary to draw off the foal air either 
at the level of the doors, as JQBt men- 
tioned, or at the top of the baildiogs, aa 
will olten occur, especially in the case 
of existing buildings. 

Wheuever local conditions permit, the Bmoke-flues of the heatiug-ap* 
paratus should be carried up iu the main ventilatiug-chimney, in order 
to use the beat they give out. They should be made of cast iron and 
kept separate. 

, 89. Utilization of the waste heat of laundries and kitchens. — ^The furnaces 
of the -laundry -boilers sliould, if possible, be placed at the base of the 
Tentilating-chimney, in order to assist the ventilation by means of the 
heat given out in the furnaces by the gaseous products of combustion. 
90. Application of the preceding rules. — Let us take the case of a hospital 
of 100 bedB, containing two wards, with but one veDtilating-chimney, bav. 
ing two Btories, containing together SO beds in each waiQ' there beiog 
four halls with 12 beds, and two rooms with one bed each. 
Under these conditions, each hall will contain six beds on each side, 



302 WABMINO AHD VENTILATION. 

and tbere will be three Tentilating-flaes, 100 gqnare ioches in sectioDal 
area, or 8J x 12 inches. 

Tbe vertical flues should he carried nuder the floor of the groaod- 
story, and joined to the first horizontal collectors iuteDded to furDish 
passage to the air bronght by tbe first, aod each sboald carry off 12 x .73= 
9.30 cubic feet a second ivitb a velocity of 3.2S a second. They should 
then have a section of ,-::^=2.86 square feet, or l>e 1 foot 8 inches 
square, for example. 

One of these fines, which would also ventilate tbe two single-bed bed- 
rooms, or lix. 78=10.92 cubic feet, should have a sectional area of 
^^ =3.34 square feet, or should be 1 foot 8 inches by 2 feet. 

If these pipes do not lead directly to tbe foot of tlie chimney, and if 
the general arrangements adopted render it necessary to carry tbe first 
collecting-pipes into a second collector, tbe volnme of air which the lat- 
ter will be obliged to pass will be 50 x. 78=39 cubic feet, with a velocity 
of 4.6 feet a second. Its transverse section will then be equal to j-b~ 
8.50 square feet, and it may bave the dimensions 2 feet 10 inches by 2 
feet 10 inches. 

If tbe main ventilatiug-cbimney should bave to carry off the foul air 
of both wards, or that from 100 beds = 280,000 cubic feet an hour, or TS 
cubic feet a second, with a mean velocity of 6 feet a second, its internal 

sectional area should be-^ =13 square feet, and its mean internal diam- 
eter 4 feet. At tbe upper part, tbis diameter should be reduced to 3 feet 
10 inches to make tbe velocity there 6§ feet a second. 

91. Introduction of freth air. — The openings for tbe introduction of 
warm or cold air should always be placed near the ceiling, and distrib- 
uted as uniformly as possible througbout tbe whole extent of tbe balls 
in the proportion of one to every two beds if possible, or at least one to 
every four beds. 

When they are made in the walls, they should be furnished with regis- 
ters in the form of slats inclined 20° or 25° to the horizon in order to 
force the air in that direction toward the ceiling. 

The transverse section of the vertical or other dues should be calcu- 
lated so that the air will traverse them with a velocity not esceeding 3 
or 4 feet a second. That of those through which the air flows immedi- 
ately into tbe room should be determined by the condition that tbe 
entering velocity should not exceed 3 or 4 feet a second. 

In the case where the air flows from above vertically downward, 
through openings in tbe ceiling itself, which may take place where 
double floors are used or where a loft serves as an air-chamber, the sum 
of the clear sectional area of the passages should be calculated on tbe 
condition that the velocity should not exceed IS inches or 2 feet a 
second. 
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WlieQ ordinary heaters are nsed for heatiog, the warm air whicli 
tbey supply should be introduced before its aduissioa iuto the halls 
into a mixing-cbamber, where a Bafficient qaantity of external air is 
also admitted, in order to moderate as required the temperature of the 
air supplied to the rooms. 

To secure the proper mixture of external air with the warm air from 
the heating-apparatus, it will be necessary to keep the ftesh air above 
tbe current of warm air by means of more or less wide partitions. It 
will then happen that, as tbe first or denser stratum tends to fall while 
tbe second or lighter stratum rises, the mingling will necessarily take 
place. This applies as well to separate and direct openings for the ad- 
mission of warm and fresh air in halls as to those for the admission of 
air into the mixing-chambers. The partitions should be made of brick 
laid flat, and be at least two inches thick. 

Dnring tbe period of fires, the temperature of the inflowing air should, 
for healthful ventilation, differ as little as possible from that intended 
to be keptnp in the halls, which shonld be uniformly about 60°. 

The mixing-cbamhers should be formed either in the floor above tbe 
the heaters or in the corridors or small rooms. 

Begisters should be placed in the mixing-chambers, to permit the 
temperature of tbe air supplied by them to be regulated at will. 

Similar arrangements should be made when hot-water or steam heat- 
ing-apparatus is used. 

If the hospital stands by itself and is in a healthfjl location, the 
extcmal-air supply may be taken either at the ground-level from the 
middle of a lawn or flower-bed, as at Yinceooes and the lying-in hospital 
at St. Ppter&burg, or at the level of each floor. 

Descending currents will not be required to carry the air from a cer- 
tain height, except in cases where the proximity of more or less un- 
healthful buildings would lead t« tbe fear of infection iu tlie air at the 
gronnd-level. 

In that case, the chimney for bringing in air should be placed as far 
as possible fVom that for carrying it off. Tho sectional area of the 
former, and in general that of all external openings for the admission 
of air, should be calculated so that the velocity of admission should 
not exceed 2 feet a second, in order that the draught prodaced iu the 
vicinity of the openings may only extend a small distance. 

The openings for tbe admission of air entering at a considerable height 
should be provided with valves or doors, which may close them if re- 
qnired. 

In summer, when the action of tbe draught in drawing in fresh air is 
not assisted by the increase of temperature which the heating-apparatus 
gives to the fresh air in winter, there should he made iu the walls, espe- 
cially on tbe faces exposed to tbe north or the east, nuxilinry openings 
similar to those previously mentioned, and capable of being opened or 
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closed at will by means of ioternal valves faroisbed with self-closing 
springs. 

As the air thas iatrodaced may be too cool at night, it is necessary 
that it should be directed from the lower part of the room toward the 
ceiling, and that its velocity at entrance should be aboat 2 feet a second, 
iu order that it may be rapidly diminished before it arrives at the 
escape-opcDings. 

The regulating-apparatus connected with the registers should be so 
arranged as to be exclusively under the control of those in charge of 
this service. 

When any arrangement for ventilation on the exhaustsystem has 
been carried out, it may easily be determined by direct experiments 
easily made in the main ventilatiug-chimney, or, if desired, iu the sepa- 
rate flues, whether the prescribed amount of air is really drawn off, 
and what is the corresponding excess of temperature in the chimney 
over that of the external air ; and if with this excess, which usually 
will not vary, as has been previoosly stated, much from 35J to 45°, the 
ventilation be found sufficient, it will then only be necessary to regulate 
the beat in the chimney so that its temperature will always exceed by 
the same amount that of the external air. 

92. Arrangements for ventilation in summer. — When the main halls of 
the hospital are warmed at the same time by general heaters and by 
fire-places — of which latter the ventilating fire-places described in § 13 
should be preferred, as tbey at the same time carry off foul air and 
introduce a considerable amount of fresh air properly warmed — open- 
ings for the admission of fresh air shonld be made in addition to those 
of the ventilating-chimney, and arranged, as has been described, for 
summer-ventilation. 

Stairways, waiting-rooms, and other places giving access to the balls 
should be heated to a temperature which, especially for the latter, 
should be at least equal to that of the halls. In this way, their effect in 
producing draughts of air will be dimiuished. It would be well, then, 
to put up heaters in these places even when fire-places are used in the 
main rooms. 

93. Use of the heat given out by the ligkts.-'lu hospitals lighted by gas, 
it will be well to assist the draught by means of the heat given out by 
the burners, which plan will have the double advantage of rendering the 
ventilation more energetic, and of removing the nnhealthful products 
of combustion. This should especially be applied in the case of water- 
closets, which should have double doors opening from without inward 
in the direction of the draught. 

The kitchens and the privies of hospitals should beremoved from the 
hospital proper, and ventilated by a powerful cnrrent similar to those 
which will be described hereafter for snch places. 

91. IHspositions to be made in case of erowding or epidemics. — When the 
draught is produced by a circalatioa of warm wat«r or steam, the energy 
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of n-bicb caiiDOt be increased macb bejonc] its normal rate, it will be 
advisable to place gas-barners io the main veutilatiDg-cbimoey, to be 
ligbteU only when a temporary overcrowding or tbe fear of epidemics 
renders tbeir use necessary. 

Tbe number of burners aod tbeir consnmptioD of gas will hn catcn- 
lated oa the approximate basis of 501) cubic feet of air removed to eacb 
cubic feet of gaa barned. 

ThiB auxiliary means is not economical, and should only be employed 
in exceptional circamstances. 



95. Asyloms, designed for the old, insane, or inflrni, do not require, 
for salubrity, as ninch ventilation as hospitals. 

A renewal of air at the rate of 1,000 cubic feet of air an hour for 
each individnal during the day and 1,400 cubic feet at night will be 
sufficient. It will then only be necessary to adopt tbo plans and the 
dimensions which have been given in detail for hospitals. 

For heating during the winter, if the rooms are not very large, venti- 
lating fire-places should be used, which will also secure the renewal of 
air. But for spring, summer, and autumn, it will bo necessary to have 
recourse, for the removal of foul air, to the use of a veutilatiug-chimney 
and tbe arrangements before mentioned. 

OnuBCHES. 

96. The great size of cbnrcbea, the constant opening of their doors, 
the exteutof glazed windows — always imperfectly closed— the openings 
in the vaults for the suspension of lamps or draperies and for the pass- 
age of bell-ropes, seem in general to render unnecessary the adoption 
of special arrangements for the admission and the removal of air, and 
rednce for the winter the question to that of warming. 

For the churches of large cities, frequented at many boars of the day, 
it seems economical to keep up an active fire, constantly, day and nigbt. 
Either hot-air heaters, with chambers for the admission of cold air, or 
hot-water heaters, may be used. The flr,st suit more parliculurly the 
small churches, where a single heater, placed aboat the middle of tbe 
building, will suffice. The second, which carry heat to great distances, 
and give, besides, a more equable temperature, should be preferred for 
large churches. They have, in addition, tbe advantage of being readily 
adapted to ventilate certain attached places, such as catechising- rooms, 
where the air is constantly vitiated by the presence of many children. 

What is most necessary to warm in charcbes is tbe floor itself. For 
this purpose it would be well to make the hot-water pipes branch oat 
under many parts of the floor, and limit the namber of fresh-air openings. 
This arrangement is similar to that of which traces are found in Roman 
coDStnictions. 
'.iO 3 
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The air to be warmed hy the beat«rs is taken from outside. A euffi- 
cienC number of pipes in tbe aisles and passages admit tbe air throufrh 
numerous openings placed in tbe vertical faces of the walls, or in tbe 
bases of tbe colnmus, a little above tbe floor, and not at the fioor-Ievel, 
as is often wrongly done. 

During tbe summer season, the interior of churches, strongly heated 
during the day by tbe action of tbe sun on the rouf and through tbe 
large windows, is often nncomfortable to stay in, es[>ecia]ly iu the morn- 
ing. It wonld be easy to avoid this trouble by arraugiog a number of 
windows to bo opened at night, iu onler to admit tbe freab air, and 
to be shut in the morning. Tlie interior, thus cooled during tbe nigbt, 
would be less warmed during tbe day. 

These precautious, much neglected in France, where the beat of sam- 
mer seldom proves unpleasant, are regularly carried oat in liome, where 
it lasts a long time. A rule of tbe custodians of St. Peter's requires 
that the windows of the upper galleries be opened every eveniug in 
Bummer and closed every morning. 

What precedes only applies to ordinary cbarcbes ; but in tbe case of 
chapels or snbterrauean churches, the interior height of which is very 
limited and which are often occupied by a large nnmber of worshippers 
and fully lighted up, it becomes necessary to secure the renewal of air 
and the removal of the hot gases arising from the lights. Tbe plans 
proposed in § 6-1 for night drawing-schools should then be adopted, 
producing a renewal of air at least five or six times an hour. 

In churches where great ceremonies require the use of large canopies, 
preventing the circulation of the air, and in which a great nnmber of 
candles occasion often an estraordinary elevation of temperature,* it is 
very important that tbe construction should allow of forming, in the 
upper or lateral portion, as many openings as possible in order to allow 
the external air to Sow in with a velocity which will be less the greater 
the nnmber of these openings and tbe more nniformly they are distrib- 
uted. In this way will be avoided the at times unendurable cun-ents of 
air produced by the doors and tbe elevation of temperature. 

In winter, at the time of thaws after great cold, especially in the 
north, tbere is produced on the walls, and still more on tbe ceiling, a 
condensation of vapor, wbieb often produces a sort of rain that affects 
the paintings. In such cases, it wonld be well to carry tbe warm air 
supplied by the heaters at about from 140° to 175° directly to the up- 
per part of tbese edifices at tbe springing of tbe arches, iu order to 
keep the vapor arising from the people iu the lower portions of the 
ehnrcb from condensing. 

EALLEOADSTATIOHS. 
97. As an example of cases where it is proper to act contrary to the 
general rules given before, we will specify the methods to be adopted for 
c-Dame, Piuis, tbe b^al was aucb tbat the wax- 
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railroad-stations, for markets, and for large buildtogs each as those for 
exhibitions. 

. These iuimeDse biiildiogs, covered in most cases with glass roofs, 
which often leave i>nly a very small space for the escaii© of the smoke aud 
steam ot the locomotives and of the hot air in summer, sometimes be- 
come uoendurable for the employes. One end of the bnilding is almost 
entirely shot in by the gable-wall contnining the main entrance^ the 
other usually has an opening only high enough for the passage of the 
locomotive ; the sides occupied on the groand-leve) by waiting-rooms, &c, 
an<l on the second and third floors by otBce-s, do uot allow the air to 
have access to the building, and in the hot season the temjierature rises 
near the ground-level to 104°, 113° and even 122°, as has been observed 
at the stations of the Lyons, Eastern, and Strasburg railroads. 

In order to remedy thisstateof things, it is necessary to raise the sky- 
lights on the roof, not only because they are too low, but because in 
winter they cool tbe smoke and partially condense the escape-steam of 
the engine, and thus interfere with its removal. 

Instead of placing the sky-lights at the ridge of the roof, it woald 
seem better to place thetn near the eaves, making them, as at present, 
equal to one-fourth or one-thirti the total surface. 

The ventilating-opeiiing should be formed by two vertical walls of 
sheet-iron about 10 feet bigh, leaving between them a passage extend- 
ing tbe whole length of the roof, the breadth of which should be calcu- 
lated so as to renew the air of the station at least twice or three times 
an hour, on the supposition that the heat of the snn in summer is sufiQ- 
cient to produce, in a sheet-iron chimney 10 feet high, a velocity of from 
IJ to 2 feet a second. 

To replace regularly the air removed without producing unpleasant 
currents at the end-openings of the station, it is necessary to increase the 
number of openings for admission of air, and place them as uniformly as 
possible throughout the extent of the station, and also to make large 
doorways in the two ends of the building. The total area of the fresh- 
air openings sboald be such that, with a velocity of at most 16 to 20 
inches a second, a volume of air may enter into the station equal to 
twice or three times its cubical capacity. 

98. Sprinlcling of roo/a. — In addition to the preceding arrangements, 
proper lor all seasons, it would be well, in hot weather, to keep up a 
constant sprinkling of the roof, commencing at seven or eight o'clock 
in the morning and lasting till five o'clock in the evening, using about 
4^ cubic feet of water an hour to every 100 square feet of roof-surface. 

This sprinkling, which will be sufficient to prevent the heating of the 
roof by the action of the solar rays, added to the continued aeration, 
will maintain tbe temperature within convenient limits during the hot 



99. Example. — The Orleans station is 348 feet long, 92 feet wide, 20 
feet high at the springing-line, and 44 feet to the ridge. Its cubical con- 
tent is about 1,130,000 cubic feet. 
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=943 cabic feet a second. The velocity which the solar beat may give to 
the escaping air buiug estimated at bat If feet a secoDd, the sectional are<^ 
oftbeveatilatiiig-Hpace should be 574 square feet; and if the veutilatiog- 
passage is carried the whole length of the roof, which is 328 feet, it 
would Hulfice to make itl foot 9 inches wide. Bat as the part where there 
is most smoke aud steam is usually near the end at wbicb the trains leave, 
itistead of makiug the veutilatiag-opeuiug extend the whole length of 
the station, it would be better to give it greater breadth aud less lengtb, 
still retaiuiiig the same sectional area. 

COURTS AND COVERED MARKETS. 

100. Similar arrangements shoald be adopted in the case of courts 
and for all covered markets.- 

In the latter, where blinds are nsually placed in the windows, tlie 
introduction of air is easily provided for, and it is parlicalarly the 
removal of foul air that requires attention. 

GLASS ROOFS AND CEILINGS. 

101. Influence of glazed roofs and ceilings during the mnter. — If in the 
sumtner season the glazed roofs of stations and covered courts present 
the incouveutence of producing a heating effect, which it is necessary 
to overcome, in winter they have the contrary defect, which often leads 
to very disagreeable results. 

The conductibility of thin glass then leads to a considerable cooling 
of the interior layers of air in contact with the glass ; this air, becoming 
denser than that below, descends, and is constantly replaced by more, 
which is likewise cooled, aud by this coutihaed movement the rooais 
thus covered become very diiBcult to warm. 

To these troubles is added that of the motion of the cold air, which 
naturally flows toward the chimneys, or the discharge-openings, if there 
are auy, so that the occupants feel a descending current of cold air, the 
more unpleasant the nearer they are to the chimney or the discharge- 
openings. 

If the glass roof is simple, and has, as is almost inevitably the case, 
joints, through which the external air — moch colder thau that in con- 
tact with the internal surface — jieuetrates into the room, the effects 
which have been mentioned become more sensible aud disagreeable. 
There is also the danger that water will enter during rain-storms. 

It is, then, necessary in occupied buildings, when similar plans are 
adopted for lighting, to place under the roof a glass ceiling with as few 
joints as possible, and in the loft thus formed and liuitted above and 
below, to provide beating arrangements which will prevent the cooling 
of the ceiling, and thus to avoid the cold-air carreats which have jast 
been referred to. 
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102. Observations at CMteau de Ferrierea. — Tbe most striking example 
of these effects whicli I have had occnsiou to observe is presented by 
the great reception-hall of the Ch&teaa de Ferriferes, and it has furnished 
me with some facts which enable lue to determine tbe auionot of heat 
which such glass roofs may transmit, aud, consequently, to determine 
approximately the methods of heating to be employed to prevent Ibis 
cooling. 

The main reception-room of the Chateau de Fcrrieres, called the Hall, 
is 7S feet long and 40 feet wide, or 3,000 sqnare feet in area- 
It is completely surrounded by other reception-rooms, corridors, ves- 
tibules, &c. By means of heaters, all these are comlortably warmed, as 
well as the reception-room, which has no side-windows, but is lighted 
by a glass ceiling with a surface of 1,035 square feet, covered by a glass 
roof in seven sections, having together 2,459 equarafeet of cooling sur- 
face. 

A large flre-place, in the form of a monnment, placed on one of tbe 
long sides of the room, completes its system of beating. 

When in winter the space between tbe glass roof and ceiling is not 
varmed during tbe day, tbe effects previously mentioned become the 
most unpleasant. The considerable draught of air prodaced by the flre- 
place draws to it the air cooled by contact with tbe ceiling ; and the 
vicinity of thisfire-place, to which persons are naturally drawn by a bright 
fire, becomes unendurable. 

At night, the room is lighted up by 1,000 gas-burners atwve the ceil- 
ing, which consume 3,500 cubic feet of gas an boar; there being tbea 
about one burner to every three square feet of floor-surface in tbe room. 
The heat given out by thin abundant combustion more than snflices to 
prevent the cooling of tbe air of the room and the nnpleasitut effects 
which would result from it. 

To obtain at least to a certain degree the same result daring the day, 
it has been found necessary to keep up coke-fires in four cast-iron stoves, 
placed in tbe roof-space, in order to maintain there a temperatare higher 
than that of tbe room. 

Observations made on the consumption of coke during the day and 
of gas at night, as well as npon the internal and external temperatures, 
enable us to calculate at least approximately the amount of heat re- 
quired ill the space between the glass roof and ceiling in order to pre- 
vent tbe unpleasant cooling effect. 

For this purpose, calling — 

C the nnmber of anits of heat which can pass in an boor throagli 

a pane of glass having the surface 8 ; 
T tbe temperature of the air on the warmer side ; 
T' that of the air on the colder side ; 

K a constant coefficient, representing the nnmber of noits of heat 
to a square foot of glass surface, and to a degree of diderence 
of temperature between the two faces : 
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Tlie atuonut of beat pnasiiig iu an hoar ttirongb a glHss ceiliug or ronf 
will be giveu by tbe formula— 

C = KS(T-T') 
Kngiueers ouly admit for tbe co-effioieat E tbe value K = 1, wbile 
tbti (lata obtained at Ferrieres seem to abow tbat for a double glass cov- 
eriug — tbat is to say, a glass roof and a glass ceiling — it should bave the 
value K = 3, ami for a single covering K = 1, especially as in tbe latter 
case cold air might i>euetrate into the ioterior through the joints of tbe 
glass. 

According to these \'alue8, allowing that the developed surface S' of 
the roof is one and a half times that of the glass ceiling S, tbe amount 
of coal to be burned iu the coldest weather may be calculated as follows : 
Let— 

S =1,000 square feet; 
S' = 1,SOO square feet; 
The temperature of the external air be 14° ; 
The tem[>erature to be maiotained within tbe roof be 113° ; 
The temperature of the room, 5'J° : 
Tbe amoant of heat passing off through the glass roof will be — 

0=3x 1500 {113 -14) = 445,500 unita. 

The amount of heat passing off through the glass ceiling 
will be — 
C = 3 X 1000 (113 — 59) = 162, 000 units. 

The amount of heat to be developed within tbe double 

roof = 607, 500 nnita. 

Admitting tbat the coke-stoves t;mployedatilize, as is almostui ways tbe 
■ case under similar circumstances, 00 per cent, of the heat giveu out by tbe 
fuel, and that a [>ouud of coke produces l:i,600 units of beat, it is necessary 

to burn every hour — — ' = 53.57 pounds of coke an hour to preven t, 

under these almost extreme conditions of cold in Paris, the glass from 
cooling tbu room beyond 50^. At evening- receptions, tbe ligbttng-up of 
the room requiring a burner consnming 3^ cabic feet of gas an hour to 
inery three square feet of floor-area, the beat produced will always be 
more than sutScicnt to prevent the cooling of the interior. 

The preceding iignres show why most makers of beating-apparatas 
who bave undertaken to warm halls or courts covered by sky-ligbts bave 
only very imperfectly succeeded. 

DWELLIHG-HOTJSES, 

103. Among the appendages of dwelling-houses which most often give 
out disagreeable smells should be placed, in the first rank, yards, kitch- 
ens, and privies. In consequence of the draught exerted by the cbimneys 
of rooms near these places, it often happens that at certain times more 
or less infectious air is drawu into tbe apartments. 
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To avoid this serious trouble, it ia necessary, by means of proper 
arrangetnents, wLiuh should also be simple, to produce a regular and 
almost constant tnotiou of air from tbe apartments or tlie balls toward 
these places, discharging from tbem to the exterior. This may be 
accomplished in several ways. 

104. Courtyards of dwelHngkoases. — Aiinrtmeut-bouses, especially in 
Paris, very often contain little yards, belonging to the stores on the 
ground-floor, wbich seriously affect tbe health fulness of the upper stories. 
Provision-stores, resl^aurauts, dye-bouses, drug-stores, &c., give rise to 
disagreeable or injurious smells, which rise and annoy the occupauta of 
tbe house and injure the property. 

These disagreeable effects may easily be OTercotoe iu the following 
way : Tbe yard should be covered, in whole or iu jiart, witb a glass roof, 
forming a single inclined plane between the groaud- floor and the second 
story. In an angle, and at the upper part of this roof, should be placed 
a chimney, exiendiug above the upper cornice, tbe section of which 
should be calculated so that with a velocity of about three feet a second 
the air of tbe court-yard will be renewed once, or, better, twice an hour. 

At the lower part of this chimney should be placed a gas-burner, con- 
suming only 3^ cubic feet an hour. Tbe velocity being small and the 
chimney high, about l,ftOO or 2,0(i0 cubic feet of air may be carried off 
in an bour by this chimney to every cubic foot of gas burned, and thus 
a constant purification of the yards be secured. 

When lociil urrangements fovor, it will only be necessary, in order to 
keep up tbe draught, to carry a smoke-pipe up the chimuey, or to start a 
fire in a coke-stove placed in it. 

105. Kitchens. — When ranges with hot-air passages, such as are now 
in general use, are employed, it will be easy when tbey are put up to 
place ho^ water pipes around the grate, and carry tbem a certain distance 
up the chimney and back to the range, as in the boilers of bot^watcr 
beating- apparatus, which would secure a sufficient draught. 

IOC. Use of gas-burnera for (/le reiititation of kitchens — In kitchens 
lighted by gas, when the ranges aro already put up in the usual way, 
lighting one or two gas-burners at the bottom of the chimney, to be 
kept burning only while cooking is going on, would in most cases suHico 
to produce a draught suflicieut to carry off all smell. 

Example, — ^Tbe kitchen for a single flat in Paris is considered quite 
large if 10 feet long, 13 feet wide, and llj feet high ; that is, with a cou- 
tentof 1,490 cubic feet. 

It follows from direct experiment that, with the aid of a single gas- 
bnnier, consuming 1^ feel an bour, and kept burning only while tbe 
meals are being prepared, that is to say, at most six hours a day, tbeie 
may be produced every hour, with sheet-iroa veutilatiug-pipes OJ inches 
in diameter, and 

52 39 33 20 feet high, 

the renewal of I,7i}0 1,475 1,407 1,257 cubic feet. 
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wbicb, added to the natural veatilation produced by tbe kitchen fire, 
will I'ully Buffice to change the air of such a liitchen more than ouce an 
hour. 

The expense for a whole year for one small gas-burner, consuming 1.^ 
feet of (fas au honr, and burning sis hours a day, would be 8J cubic 
feet a day, or 3,100 cubic feet a year, which, at the rate of $1.70 a thou- 
sand feet, would cost $5.27, a very moderate exi)enditure for getting 
rid of a nauseoua BmuU, which would otherwise be esperieuced twice a 
day. 

It may be added that the preceding results relate to metal pipes 
placed on the outside aud exposed to cooling, while, in general, similar 
veutilatiug-pipes may be, and ought to be, made of earthen ware, and 
placed in the thickuess of tbe walls or in the interior of buildings, 
which, exposing them leas to cooling, would increase tbe effect ob- 
tained. Id the case of large kitchens with wide fire-places, when tbe 
ranges are kept very hot, aud are used almost all tbe time, it would be 
more economical to place a coal-grate in tbe lower part of the chimney, 
at about tbe top of the fire-place, aud this would also be the most simple 
and direct method for country-houses. 

107. Use of tite lout heat from kitchen-ranges for ventilating and for 
heating baths. — Besides the advantage of securing a change of air and 
the removal of bad odors from tbe kitchen, the hot-wator pipes mea- 
tioued in $105 serve to supply baths, which may be established with 
success, as mentioued in §81 in barracks, as well as in those estitblish- 
Dieiits where provisions are cooked for the poor, to be distributed to 
them gi-atuitousty or sold to them at a low price. The additioo of 
bot-water baths to these nseful establishments might thus be made at 
very little expense. 

Au arrangemeut of this kind is adopted with success iu the new lying* 
In bouse established by the admiuistration of public assistance, rue da 
Faubourg St. Jacques, to atitize the lost beat from the stoves used for 
making plasters. 

108. The baths may bo heated also by means of ordinary bot-nir 
kitchen-ranges without recourse to the use of hot-water circulatiou, or, 
what is better, by combining the two means of utilizing the heat lost 
from the range during tbe time the meals are being prepared. 

109. fricie*.— The necessary arrangements to be made in order to 
prevent the infection which these attachments to buildings often pro- 
duce vary with the mode of construction adopted aud t'he nature of the 
building. 

Tbe regulations for the construction of privy-wells are as follows: 
The dowu-pipes should dip at their lower end into the contents of the 
well, or better into a fixed or movable copper basin, into which it is well 
when it cau be done to force wator from time to time in order to wash it. 

lb follows from these arrangements that tbe ouly gases which can 
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ascend in these i)i[)e8 aHse from their internal sorface or at the bottom 
of the pipes, and will not be rery abuudnnt, (Fig. 30.) 

To prevent the gases from spreading to ' 
the interior of the rooms, wnter-closets 
called English closets are usujdly employed 
within dwellings. In less particular houses 
and in public establishments, there is 
simply placed onder the opening a basin 
calkd Koger Mothe's apparatus, which tips 
and empties itself by the weight of the con- 
tents aloue, and then returns and closes the 
oi)ening. 

These convenient means are not always 

sufficieat to prevent the introduction of bad 

smells on account of small cracks in the 

joints of the apparatus. 

In all Ciises it is better to keep the seat IJ or 2 inches above the upper 

edge of the t>owl, letting the front and the two sides reach to the seat 

and to counect this space with a ventilating-pipe extending above the 

roof. 

If this pipe can be placed near a source of regular heat, such as the 
kitchen Que, or if hot-water pipes can be carried into it, ns in the case 
of mausinus heated by hot water, it would be easy to obtain a sufflcientl; 
powerful draught in this pipe. 

But if this method is not available, as often is the case in small dwell- 
ings, the same effect may be secured by placing iu the pipe a small gas- 
buruer, burning at most 1 or 1^ culiic feet an hour, and which, by the 
aid of a transom, will illuminate the closet at the same time that it puri- 
fies it. A common tamp might even be made use of, burning j or J 
ounce of oil an honr, (about gi^ to ^ of a pint.) 

The ventilating-pipe sbouitl be about from 4G to 62 square inches in 
area, and the small bunier, burning IJ cubic feet an hoar, would, in 
most cases, secure the renewal of 1,000 cubic feet of air an hour, which 
would suEBce not only to expel all tbe gases coining from the seat and 
its descending- pipe, but even to renew the air of the room several times 
an hour by drawing in that of tbe surrounding corridors and also pre- 
vent the infection of the interior of the bouse. 

110. ETamplc. — Office of the Sorthern Railroad Company, (Fig. 31.) — If, 
instead of English water-closets, only open seats are used, or even those 
called Turkish seats, similar arrangements would produce the same 
results. 

Fig. 3L shows the plan adopted with success in tbe ofSce of the 
Northern Railway Company, where there are in the five stories twenty- 
seven water-closets. The down-pipes serve for all the pairs of seats in 
each story, and are only three in number. They are 9 inches in diame- 
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ter, and terminate in tlie movable copper water bnsiDo, which form 
8i|>hon-trap8 aud prevent the rising of the gas from tbe well. 
FISM 



All the ventilating-pipea from the seats 
are 4 inches by 16 inches iuside. They ter- 
minate in a large Tertical collecting- pipe, 
abont 10 square feet in sectional area, serv- 
ing as a ventilating-chimney, in which are 
placed vertical hot-water pipes, which iu 
winter produce a geucial draught, in sum- 
mer, when the beating is interrupted, the 
draught is produced by gas-burners kept 
barniug in each closet. 

Veutiiatiou by means of hot-water circu- 
lation cau evidently be kept up in summer 
by means of a separate fire for this special 
purjwse, which would be more economical than the ose of gas. 

The result of experimeuta made in February, 1803, was that the 
amountof air removed for each seat undertheactioiiof the draught, pro- 
duced simply by au excess of 7° to 13° of temperature in the chimney 
over that of the external air, was more than 2,200 cubic feet an hour. 

Although much greater than is generally necessary, this amouut would 
not seem excessive in similar cases where, in additiou to the seats, uri- 
nals, often imiierl'ectl.v rinsed, are nseil. 

111. Arrangement adopted at Lariboiaiire Hospital, (Fig- 32.) — In this 
establishment) the closets on each floor contain three seats, with bowls, 
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B, ofeDameled cast iron, which empty intoaiiotherbowI,S, forming the 
top of a (iowu-pipe, U, of which there is on© for each seat, but which, 
by a simple arraogemeDt, might have been more economically made 
common to the three floors. These dowo-pipes carry the eoDt«uts to a 
large bemispberical basiu, O, of cast iron, always filled with water, iu 
which their cutis dip so as to prevent the gas from the well at the bot- 
tom from risiug through the pipes. The coutcuts run off from the basio 
O through the space X iu the well, which is closed air-tight, and which, 
according to the regulations, should be provided with a pipe for the es- 
cape of gas to the top of the building. 

It follows from this arrangement that the ooly gases which can rise 
to the top of the down-pipes iu the closets are those which are formed 
iu the pii>es. To preveut them from entering into the closets, aud at 
the same time to renew the air iu the latter, M. L. Dnvoirhas conuected 
each of the nnder-bowls S with a pipe, T, leading to a Tentilating-chim- 
oey common to all the closets. 

The draught exerted by this pipe V, increased by the use of hot-water 
pipes or by other means, not only removes the gas developed iu the 
dowu-]>ipe, but it carries off from the closets, through the bole in the 
Beat, an amount of air equal to 1,2U() cuhiu feet or more an hour to each 
seat. 

Arrangements similar to the preceding have been ajipHed with sne- 
cess iu privies with Turkish seats in building b of the Viuceunes Hos- 
pital. 

SINES. 

113. When sinks, intended to receive kitchen-slops, give ontabad 
smell in spite of the precautionary measures prescribed by the sener- 
regulations, or when these regidatious are not or cannot be observed, 
this unpleasantness may be removed by means similar to those just 
mentioned, 

DININQ-BOOMS. 

113. In these rooms, where the steam from the dishes and the beat 
from numerous lights, added to that produced by the people present, 
cause a temperature often insupportable, it is easy to apply the rules 
previously given. 

It will usually suffice if the air be renewed four or five times an hour, 
prodncingthe draught near the fioor, and making use, as will often be very 
easy, of the heat from the wall-brackets to give it the require<) force. 

If the room is brilliantly lighted by many chandeliers placed over the 
tables, an escape should be provided fur the hot gases arising from the 
combustion by openings in or uear the ceiling. 

The openings for the admission of fresh air should be placed below the 
former, but removed as far as possible irom the people. 

It will theu be found, as in the cose of night drawing-schools, that 
the general rnles will have to be modified. 

Dni,l.z.dcy Google 



316 WAHMING AND VENTILATION. 

As csamples, chosen among tboee n-htcb apparently offer the greatest 
difficulties, I select tbe dining-rooniB of the I16tel de Ville, Pnris. 

114. State dining-room. — Thi» itnmentie room has the following dimen- 
sious: length, 156 feet; breadth, 34 feet; height, 38 feet ; cubical con- 
tent, 200,000 cubic feet; floor-surface, 5,300 square feet. There are 
usually at dinner there 180 persons at one table 152 feet long by 13 feet 
Tride, which gives a contour of 2 x (1C2 + 13) = 330 feet, and allows 
each gaest but 1.8 feet of space. 

At dinners, the number of waiters cannot be less than CO. There arc 
therefore 240 persons in tbe room. 

The cubical space to each person is theu — 
200000 
—if A if = 833 cubic I'eet. 

The amount of floor-surface to each person is — 
■HTy- = 22 square feet. 

Under these conditions, it is illuminated by — 

26 chandeliers, eacb containing 100 candles 2, 600 

Table-candelabra of Cor 7 candles eacb 592 

Total number of candles 3,192 

At tbe diuner given by the city to the Emperor on tbe occasion of bis 
marriage, there were 420 persons at table. Tbe number of waiters was 
at least 100; tbe cubical space for each person was then — 

'■^^ = 384 cubic feet, 
and the floor-surface to each person — 

-g^y = 10 square feet. 
The room was lighted, on this occasion, by 20 chandeliers of 100 

candles each 2, 600 

Table- candelabra 50^ 

Total 3,192 

Admitting that eacb candle develops 476 units of beat, tbe same as 
a person, tbe total number of units of beat developed in an boor, on 
that occasion, would be — 

(520+3192) X 476 = 1,766,913 units. 

Supposing that air. at a temperature of 59o, bad been admitted at a 

height of 20 or 20 feet, and that this air, after its temperature had been 

raised to 95°, bad escaped through openings in tbe ceiling, every cubic 

foot of air introduced would have carried off — 

.0766 X 36 X .237 = .0530 unit. 
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I times an hour. 
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It would then have beeu uecessary to admit iuto and withdraw &om 
tht- room every hour the euormons amouDt of— 
1700312 
.tiiJIiO 

or 751 cuhic feet a deeoiid, wbicb correspouds to a complete renewal of 
the air of the room effected — 
2703000 
2UUUO0 " 

By means of chimneys extending to the roof, a velocity of discharge 
equal tu at least 7 feet a second could have been obtained, and their 
sectional area and that of tbe openiuga into them would have to be 11-1 
square feet. Supposing five of tbe latter to be placed in the ceiling, 
each would require to he 23 square feet in area. 

However great the amount of air to be removed and the areas of flues 
may seem, there need be no serious difficulty in obtaiuiug tbem. 

115. Tlirone-room.— This room has the following dimensions: length, 
94 feet; breadth, 36 feet j height, 20 teet; cubica,! capacity, 88,000 cubic 
feet ; floor-surface, 3,380 square feet. It accommodates 93 guests at a 
table 77 feet long by 13 feet wide, having, therefore, a cireumferenee of 
180 feet, whioh gives each guest but 1.9 fret of space. 

The number of servants is about 2o. There are then 120 persous in 
the room. 

The cubical space to each person is — 

^,jT- = 733 cubic feet. 
The floor-surface to each person is — 

3380 

-prr- = 28 square feet. 

" Under tbeae circumstances, it is lighted up by — 

12 chandeliers of 96 candles 1,152 

4 candelabra of 25 caudles 100 

Ou the table 370 

Total 1,022 

or, 17 candles to a guest. 

Allowing, as before, that a candle gives out 476 units of heat an hour, 
the same as a person, tbe total number of units of heat given out an 
hour would be — 

(120+1032) X 476 = 829, 192 nnits. 

Supposing that the air bad been introduced at a height of 20 feet, and 
at a temperature of 59^, and that this air, after having become heated 
to 93°, had escaped through openings iu the ceiling, every cubic foot of 
air introduced would have carried away, as in the preceding case, .6536 
noit 
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It would then be necessary to admit into, and discbarge from, the 
room every hour the amount ol^— 

r."',. =1,268,000 cubic feet, 

or 352 cubic feet a second, wbicb correaponds to a complete renewal of 
the air of the room effected 14.37 times an hour. If the velocity of dis- 
cbarge reaches Oj feet a second, the total sectional area of tbe oiienings 
should be 54 square feet. 

Tbe amount, 1,203,000 cubic feet, is about that which can easily be 
withdrawn from the lecture-rooms of the Gouservatory, and introduced 
there at a mean height of less than 20 feet without inconvenience to 
the audience. 

116. Dimng-room. — This room has the following dimensions : length, 
49 feet; breadth, 23 feet ; height, 25 feet ; cubical capacity, 28,000 cubic 
feet; floor-surfiice, 1,120 square feet. 

It accommodates 54 guests at a table 42 feet long by 10 feet wide, hav- 
ing therefore a circumference of 104 feet, and giving to each gue^t but 2 
feet of table-space. 

The number of servants is about 14. There are then 68 persons in 
tbe room. 

The cubical space for each i>erson is — 

28000 ^,„ ,. , ^ 
— -jy— =410 cubic feet. 

The floor.8nrfece to each person is — 

1120 „ 

-^^-=16 square feet. 

It is lit up by — 

1 chandelier 60 candles, 

14 chandeliers of 20 ovodles each 280 candles, 

Portable candelabras ITOcai 



Total 510 candles, 

or 9.44 candles to a gnest. 

Admittiug the same bases of calculation as before, the total number of 
units of beat developed in an hour by the people and tbe caudles will be 

(68+510) X 476=275,128 units, 
and tbe amount of air to be admitted and withdrawn every hour would 
be— 

■^^-=421,000 cubic feet, 

or 117 cubic feet a second, which corresponds to a complete renewal of 
the air of the room effected 15.23 times an hour. 

The amonnt, 421,001) cubic feet, is less than l4iat which is constautly 
admitted into and withdrawn from the small lecture-room at the Uou- 
servatory. 

Under the arrangements at present in use, it is not uncommon to find 
at the close of a meat a temperature of 86° without any change of air, 
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whicli i3 very nopleasaDt, and the ^opposition that it will be U5° near 
tile veiliug is probably below the truth.* 

The three preceding examples present extreme difficulties ; and it is 
besides evideut that if the proportioDS referred to be adopted, it would 
be necessary to reserve means of regulating and of moderating, accord- 
ing to circumstances, the amounts of air to be admitted uud carried off. 
For the winter season, the latter should be taken from i>lacc8 near the 
rooms where a suitable temperature caa be maiutaiiied. 

BECEPTION-HOOMS. 

117. What has already been said in reganl to dining-rooms applies 
equally to large reception-rooms, where many lights serve to a great 
extent to beat and vitiate the air. 

There, as in evening drawing-schools, it will not be sufficient merely 
to produce a change of air proportioned to the number of persons pres- 
ent; it is uecessiiry at the same time to carry off the hot gases of com- 
bustion through the ceiling nnder the influence of the draught which 
they produce, and to establish at the same time if possible an outward 
draught near the floor, which will draw to it a part of the fresh air. The 
fresh air should be introduced at a considerable height, and as far as 
possible from the people in the room. 

In such cnses, It will be advisable to secure the complete renewal of 
the air six or eight times an hour. 

Observations made at the school in the Rue des Petits-H6tels having 
shown that, with an external temperature of 6(P and an internal tem- 
perature of 79°, there will be produced from free openings, disconnected 
from any chimney, a velocity of about 3 feet a second, the surfaces of 
the openings to be made above may be calculated by assuming that 
75 per cent, of the amount of air to be removed escapes through these 
openings; and that the balance, or 25 percent., will be drawn off at 
the bottom, with a velocity also equal to at least 3 feet a second. 

118. Application to the Hall of Mamhalii in the Tuileries. — This recep- 
tion-room is G3 feet long, 53 feet wide, having therefore 3,340 square 
feet of floor-surface, and 48 feet in mean height, the cubic couteut 
being about 160,000 cubic feet. It accommodates at most six hundred 
people at balls, or about one person to every 5 square feet. 

It is lit up on reception-days by 548 candles and by 1G6 lamps, 
[equivalent to 408 candles,} which would develop together about 500,000 
uuits of heat an hour.* 

The illumination corresponds then to — 

-yyTT- = 1.74 candles to an individual. 
If it is desired that the air be renewed in this hall six times, it will be 
necessary to admit and discharge — 

0x100,000 = 960,000 cubic feet an hour, 
* £liidea aar U ventilation, 2° vol., pp. 301-30S. 

., .iz...,CoogIc 
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of which .75x000,000 = 720,000 cnbic feet an hour, or 200 ccbic feet 
a secoiid, will be carritnl ofi' ut the ceiling, and .25x000,000 = 240,000 
cubic feet an hour, or 67 cubic feet a second, by the openings near the 
floor. As tiie velocity of discharge near the ceiling may be as high as 3 
feet a second, tbe openings to be made there — as fax as possible dii-ectly 
ubove the main chandelier — should have — 



dedncticn being made for solid parts ; and the velocity of draogbt near 
tbe, floor being also 3 feet a second, the correspondiug openings should 
have a clear area of — 

77- = 22 square feet, 
Tbe grating in use has an area of but 116 square feet of total sur- 
face, including solid portions, and scarcely presents 43 square feet of 
clear passage. 

Above thtiopeuings in the ce ilin g should be placed external ^ cutilators, 
having together the same clear urea, which will inciease the velocity of 
diticburge. 

lu regard to the ventilating openings at the floor-level, they may easily 
be made around the contour of tbe rooms under the steps on which tbe 
seats are placed ; and their pipes should be carried in the piers of tbe 
vaults of the lower vestibule to the cellar, where they should join the col> 
lectiug passages terminating iu a general ventilatingchimuey, at the 
bottom of which a coal fire or a number of gas-burners should be kept 
burning. 

Tbe dimensions of these pipes should be calculated by tbe general 
rules pre\'iously given. If there are serious difilculties in the way of 
pn. ducingthisdown-draught, an up-draught may be used, produced by tbe 
aid of gas-burners placed, in vertical flues made in tbe thickness of tbe 
walls. 

119, Introduction of air. — But it is not sufficient merely to secure the 
discharge of the foul air; it is necessary to provide tbr the admission of 
an cqmd amount of fresh air at a proper temiieraturc. 

This air, which in winter should be warmed to a temperature of about 
68°, may be admitted tbruogb an iuterjoist in the balcouy, which is 20 
feet above the floor. It should flow horizontally below the chiindcliers, 
above and away from the occupants, and its horizontal velocity of ad- 
mission may, without inconvenience, be 3 feet a second. Its volume 
being 934,000 cubic feet an hour, or 205 cubic feet a second, the total 
Beclional area of the interjoist and of the conducting passages should 
be 81 square feet. 

The length around the inner e<1ge of the balcony being about 200 feet, 
it will suflice to give the openings — 

,uu\ = -i foot of clear height, 
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bat OD acconnt of tbe orDaments wbich break np the passa^^e it will be 
necessary to make tbem 10 incbes either Id beigbt or in developed profile. 

These arrangements will insure tbe renewal of 054,000 cubic feet of 
air an hoar, or 1,590 cnbic feet to each person, if there are 600 present^ 
saffivient in all seasoDS to secare the healthful condition of tbe room 
and to moderate its temperature ; but it is not necessary that they be 
isolated and confined to one of tlie reception-rooms of tbe palace. It 
vill be equally necessary to adopt similar arraiigemeDts for tbe two 
adjoioing^ rooms, which oftencontainmany persons, and also for tbe largo 
gallery, frequeotly ased as a ball rodm. It may not be nuoeeesstiry to 
add that for evening parties the two large fire-places wbich are in tbe 
grand gallery may, by means of gas-burners placed withia them, serve 
BSTentiiiitiDg-cbimueysj and if there is any difficulty in cutting iu tbe 
side-walls descecding fiues leading to the basement, aacendtDg fiues may 
be made, separate, or commnoicatiug with a siugle veatilator placed ia 
tbe roof over each room. 

The fresh air should enter above the cornice, and in a horizontal direc- 
tion. 

Each of the principal saloons in the palace should thus bave its own 
ventilators provided with regulating-valves *, they should be independent 
of the others, and this will prevent the nDplensantcuiTents which would 
otherwise arise as tbe guests tifke their departure. 

HALLS OF ASSEMBLY AND LECTDBE-BOOHS. 

120. These places of temporary resort, where there is often more thao 
one person to every square foot of floor-surface, should be ventilated 
at the rate of 1,000 cubic feet of air an boar to each person. 

Tbe arrangements which I have adopted for the maiu lecture-ball of 
the Conservatory of Arts and Trades, and of wbich the satisfactory re- 
sults have been seen every day for five years, appear to me worthy of 
imitation. 

The foni air is drawo off through openings in the risers behincl tbe 
feet of the auditors, and their total clear area for tbe passage of the air 
—deduction being made for the solid portions of tbe grating, if there 
are any — should be calculated so that the air will only attaiu a velocity 
of 28 or 30 inches a second. This surface also should be distributed as' 
Quiformly as possible among the steps. 

Tbe basemeut under tbe lecture-room, kept as clear as possible, should 
communicate with a ventilating- gallery, placed underground or at the 
ground-floor level if possible, tbe sectional area of which should be 
calculated so that the velocity of the air shall not be greater than 4 
feet 3 second. 

This gallery should terminate in a ventilating-chimney, the mean sec- 
tion of which shoald be determined on the condition that tbe velocity 
of the air shall reach 5 or 7 feet a second in order to secure the perma- 
nence of the current. 

21 S ^ , 
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At the foot of this cbimoey, a grate, separated from the walln and 
placed aboat 3 feet above tbe groand, should contain a coal-fire, wbich 
will give to the draught the oeceseary atreugth. Experimeats ahow 
that with proportioDs about equal to those that have beeo meationedt 
140,000 to 160,000 cubio feet of air an hour can be carried off from a 
well-filled lectore-room to every pound of coal burned. On the preced- 
ing data, the Dumber of pounds ot coal to be barned may be calculated 
from the munberof persons in attendance, allowing to each 1,000 cubic 
feet of air an hoar, and the surfoce of the grate may be determined on 
the condition that each square foot is to cvnsume 4 poouds an hour, 
which corresponds to a slow fire. 

Doors and valves should be placed in this gallery to check the motion 
of the air aa required. 

If iu tbe lectore-room substances that give off bad smells are prodaced, 
Tentilating-pipes should be arranged onder the furnaces, or under tbe 
table, which should be 2 j or 3 square feet in sectional area, and pro- 
longed, if desired, directly to the chimney instead of terminatiDg in the 
gallery. The openings of these pipes in the furnace or in the table ahoold 
be closed whenever it is not necessary to use them. 

121. Admistion of Jireah air, — Generally it will be well, when the oob- 
gtructiou permits, to make the air flow in through the roof over the )eo- 
ture-room, which should in that case be 'close and ceiled, or in an inter- 
joist, whence it will descend into the room through openings uniformly 
spread over the surface of the ceiling. 

When this arrangement can be adopted, the clear surface of the open- 
ings should he calculated on the condition that the air should pass ' 
through them with a velocity of about 20 inches a second. 

In tbe maiu lecture-room of the Conservatory, where the amount of 
air admitted rarely exceeds 636,000 cubic feet an hour, or 177 cubic feet 
a second, this condition would require a clear area for the fresh-air 
openings of 108 square feet. They actually have an area of 129 square 
feet. 

]f it becomes necessary to admit the fresh air through one or more of 
the walls of the room, opposite walls should be preferred, and the opeu-^ 
iugs should be placed as far as possible from the audience, fitting guides 
to them to force the air to follow the flat or curved surface of the ceiling, 
so that its eutering velocity, which may then be as great as 40 inches a 
second, may be gradually reduced before it reaches the audience. The 
air brought in should have in winter a temperature lower by 4 degrees 
than that which is to be maintained in the room, which should be about 
68°. 

For this purpose, the warm air from the heating-apparatus should be 
mixed in a separate chamber with the cold air taken from outside 
through a convenient opening. The action of the draught will serve to 
draw in this cold air, which should be made to flow into the mixing- 
chamber above the warm air. 
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Talvea sbould be arranged to regnlate the amonots of hot and cold 
air so as to give a proper temperatore to the mistaro. 

When the lecture-room ie Dot occapied, it will be well to close all the 
communicatloDS with the TeDtilatiDg-obinmey, the mixiog-cbamber, and 
the fresh-air openings, in order to avoid reversed draughts which would 
cool the interior. 

The iutertnittent use and beating of lectnre-rooma causes a much 
greater expense for foel than if they were constantly occapied. 

These places also being only ventilated when they are in nse, it is 
well to reserve means of warming through special openings different 
from those which are used in connectioD with ventilation, the opentngs 
to be afterward dosed. 

The mean results for heating and ventilating lecture-rooms arranged 
ramilarly to those in the conservatory will be as follows : 

C For beating — to 1,000 cubic feet cod- 

CoDsnmption of coal ] tent 2-2J lbs. 

in 12 boors. ] For ventilation— to 1,000 cnbic feet 

^ of air renewed f-l lb- 
Large reception-rooms, such as those of legislative balls, should be 
warmed and ventilated npoo the same principles. 

In all cases, it should be remembered that staircases, vestibules, &c., 
which give access to these places with strong ventilating-draughts, should 
be warmed without being ventilated, and kept at a temperature a little 
above that of the main room, so that the occasional opening of doors 
will only admit warm air, which would not be unpleasant. 

Experiment has shown at the Conservatory that, when these places 
are thus heated and kept closed, they form a sort of air-lock, and the 
velocity with which the air enters through the doors, which being 
opened put them in communication with the interior of the lecture< 
room, is barely one foot a second, and cousequeutly almost insensible, 
especially if the temperature of the air is at least eqnal to that in the 
main room. 

THEATEBS. 

122. A theater is composed of three principal parts — 

1. The stage and its accessories. 

2. The auditorium, waiting-rooms, and dependencies. 

3. The vestibales, staircases, and business-offices. 

The stage, the (lies, and the corridors which lead to the dressing-rooms 
and greenroom should be kept at a temperatore of 04° to 6S° in winter. 
Generally, the latter places will not require to be ventilated, as they con- 
tain but a small uamber of people, occupying a large space. Still, as 
the green-room and the rooms in which tbe chorus rehearses often con- 
tain a large number of artiste, it may be necessary in certain cases to 
ventilate them. The upper portions of the stage are often raised to a 
high temperature on account of the heat produced by the lights, by the 
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Are in spectacles, &c., which requires that special precaatioos be takea 
to air them aad to remove the hot gaaea. 

The au(litoriDtaaa<1 the waiting- rooniB are the parts in which it is especi- 
ally desirable to maintain salubrity, change of air, and a moderate tern- 
|>erature. The amount of air tu be changed an hour to each spectator 
should be 1,400 cubic feet, and it is well to reserve nieaos of iucreasiug 
it to 2,100 cubic feet during the snmmer. 

The heating may be effected either by means of hot-air beaters with 
sufficiently large mixiog-chambers, as has been previously mentioued, or 
by hot-wat«r apparatus, of which the first cost need not be greater thaa 
tbe preceding, while it will be very easy to regulate. 

123. Air-iupply. — The fresh air should be taken, if possible, from the 
neigbboriog gardens, far from dwelling-houses, or from courtyards, or 
by 8pecialcbimneys,drawiDgit from the top of the edifice. Care sbonld 
be taken that these cbimueys sbonld be as fhr aa possible fi:om the 
veDtilating-chimneys, and that their tops be not as high as tbeventilat- 
iog chimneys, iu order that they may not reverse tbe draught. 

If fresh air be introduced by subterranean passages, the walls, the 
vaults, and the floor of these passages should be made of hydraulic 
masonry, perfectly tight, and DOthiug should be done to them by the 
cnstodians of the building, except to examine their state of cleanliness. 

124. AdmUiion of air. — The air should be carried into the auditorium: 

1. By iuteijoists, formed between tbe floor of one gallery and the 
ceiling of that below ; the air should Issue horizontally from the whole 
circumference of the inteijoists, which should be at least 5 or 6 inches 
in clear height. 

It may be assumed that the horizontal velocity with which it flows 
out will be 3 feet a second; but it is necessary to take care that the 
openings through the gratings which terminate the iDtcrjoist-spaces 
have at least a surface corresponding to this velocity, and that none of 
these openings be placed horizontally above the spectators of the lower 
tier of seats. 

2. By openings arranged at the height of about 10 feet in the walls 
separating tbe stage from the auditorium ; and there may also be formed 
there a chamber for mixing tbe warm air from the heaters with tbe cold 
air from outdoors. 

3. By auxiliary pipes, intended especially for snmmer. ventilation, 
arranged, if possible, nnder the floors of the corridors of each gallery. 
They should take air from outdoors, and their section should be cal- 
culated, 80 that tbe velocity of passage shall not exceed 2 feet or 28 
inches a second. All these pipes should be supplied with valves to 
close them when required in cold weather. 

125. Neceasarifprecautiotu. — Ventilation, by drawing out the foul air, 
necessarily causing the entrance of fresh air, it is necessary to see that 
tbe opening of doors does not occasion uupleasaot currents. For 
this purpose, corridors, passage-ways, and staircases should be heated ia 
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wiater to a temperatnte of about 68<^. The doors of adjoining boxes 
beiug nsoallf contigaoiis, it will be well to place a hot-air opening in 
the corridors before each pair of doors, so that during the momentary 
opening of one of these doors warm air may enter into the correspond- 
ing box. The same plan may be carried out by each door io the pas- 
sage-way ; but it is necessary that these hot-air openings be placed in 
vertical planes, and not at the floor-tevel. The passage-ways should 
have two doors opening outward and iuward, and between them should 
be a hot-air opening, 

136. Removal of foul air. — This air should be drawn out of the room 
by TeDtilatiog-openiogs at the back of the boxes or galleries, or in the 
risers of the amphitheater. The clear surface of these openings should 
be calculated on the condition that the air shall enter with a velocity of 
28 or 30 inches a second. 

Each box or each pair of adjoining boxes of the same tier should have 
a special ventilating-piije. The sectiou of these pipea should be calcu- 
lated on the condition that the air drawn out should have a velocity of 
3 feet a second. For the first, second, and third galleries, these pipes 
should be carried to the ventilator above ihe chandelier. 

For the parquet, the orchestra, and the lower hoses, and, if possible, for 
the first gallerj-, the fonlair pipes should descend. In the parquet and 
the orchestra, gratings arranged around the whole lower circumfercoce 
of the partitions, together with other openings placed on top or on the 
aides of pi[>es carried along by the feet of the seats, will serve to direct 
the foul air in an inteijoist placed under the floor. This inteijoist, made 
high enough to be cleaned, should be divided in large theaters iuto two 
parts by a longitndinal division in the mean plane of the edifice. 

Each of these parts should commnuicate with a («parat*jventilating- 
chimney, of which the opeuing should be either in the basement or at 
the height of the floor of the passage-ways in the parquet 

In no case should the ventilating-openingsbe placed at the floor-level, 
as has nevertheless been done at the Lyric Theater. 

The foul air drawu off from the lower boxes and the first gallery 
should likewise be carried underneath by means of special pipes, after- 
ward united in collecting- pipes terminating at the base of the chimneys 
just referred to. 

The dimensions of these pipes should be determined on the condition 
that the velocity in them shonld be from 3 to 4 feet a second. 

In small theaters, a single chimney will usually suffice for all the gal- 
leries. The calculation of the dimensions to be given to the foul-air 
openings should be made for each gallery separately, tmm the corre- 
sponding number of spectators. 

The cast-iron smoke-pipes of the beaters shonld be carried into the 
ventilating-chimneys, keeping them separate thronghout their whole 
height; and at the lower part of the chimney a grat« should be placed, 
to be used wheneverrequired, to iucrease the draught, especially insnm- 
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mer. It woald not be pra^eot, even in winter, to conot upon the beat 
transmitted by tbe smoke- pipe to produce a sufficiently powerfnl draaght. 

TUe sectional area of the chimney sbonld be calcnlated bo that the 
mean velocity in it may. be 5J or 6 feet a second. 

They shonld opeo, when possible, in a cupola placed above tbe center 
of tbe hall, which should also receive all the veutilating-pipes of tbe 
upper stories. 

A main ventilating-cbimtiey should be constructed of brick and uot 
of metal, above this cujwla, the latter to be as low as possible, while 
the chimney should be made as high as the nature of the hailding will 
permit, bat at least 20 or 25 feet. 

The sectional area of this chimney should be calculated on the con- 
dition that the mean velodty of the draught in it ehoold be aboat 6} 
feet a second. 

127. Utilisation of tlie heat given out by tbe lighu. — In addition to the 
pipes for carrying off foul air, tbe gases produced by the burners of the 
main chandelier or the other chandeliers saspended &om the ceiling 
should also he carried into the cupola. The pipes intended to carry the 
giises there should he made as small as possible in order not to change 
the direction of the main draught in the vicinity of these places. 

The diameter of tbe ventilating- pipe above a chandelier placed near 
tbe ceiling and supplied with a metal or glass reflector sbonld be calcn- 
lated under the condition that it shall only remove 150 cubic feet of air 
an hour with the velocity of 13 feet a second to a cubic foot of gas con- 
sumed by the chandelier. 

The single burners in the boxes and corridors should take the air 
necessary to support the combustioo in the interior of tbe boxes or 
from the adjoining veutilating-pipea. It will suffice to make their ven- 
tilating-pipes ^ or j inch in diameter. 

If, as is most probable, tbe plan of lighting throagb a glass ceiling, 
tried at the Th^dtre du Cirque aud the Lyric Theater, be not adopted, 
it will be advisable to jtlace a circle of gas-jets at the base of the venti- 
lating-chimney, to be uaed only to increase the draught in summer, 
when the elevation of the temperature of tbe external air tends to 
reduce it. It may be assumed that under simitar conditions each cabic 
foot of gas consomed will carry off about 800 cubic feet of air. 

A valve should be placed at the foot of the chimney to moderate its 
draught, and particularly to stop the draught after the close of the play, 
to prevent useless loss of heat and the entrance of cold air during tbe 
night. 

128. Ventilation of the stage. — For theaters where great quantities of 
smoke are frequently produced duri-ig sham fights, grand illuminations, 
displays of lire-works, &c., it is well to keep up a strong draught in the 
upper part of tbe stage, in order to prevent tbe gases from being drawn 
into the auditorium by the draught kept up there, aa happened at tbe 
Chatelet Theater, wheie these precautions were not taken. Further- 
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more, id order that tfais stage-ventilatioD may not interfere with that of 
the body of the house, it is Decessary to connect the two systems with 
each other. 

For this purpose, a chimney or an auxiliary veDtilating-flae should be 
made above the stage and joined with the loaio chimney, the draught 
of which should be increased by means of gaa-jets lighted at the propei 
time, a Utile while before the smoke is produced. 

129. Precautums to be taken to prevent re-entry of tke external air on the 
ttage. — The introdnction of external cold air on the stage should also be 
avoided, in order that cnrrents &om the stage to the hall may not be 
produced, which would be disagreeable both lo the actors and to the 
audience. This result has taken place at the Th4&tre du Cirque, where 
large openings in direct communication with a court and public way 
have not been closed. 

130. lAgktingapparatvt for the auditorium. — Without wishing to spec- 
ify here the arrangements to be adopted for lighting theaters, we will 
confine ourselves to stating that glass ceilings, which require to 
be ornamented with colored designs, occasion a considerable loss of 
light, while they produce in the room an amount of heat very unpleasant 
for the spectators in the upper tiers, and which is also very espeusive 
for the directors, who are naturally led unduly to restrict the number 
of gas-jets, thus rendering useless the expense gone to in introducing 
this method of illumination. Although this consumption, even when 
thus restricted, assists the removal of foul air, the amount carried off 
is seldom more than 450 cubic feet to a cubic foot of gas burned, while 
with suitable arrangements the amount of 600 to 800 cubic feet of air might 
be carried off to every cubic foot of gas. 

131. Arrariffementg to hemade to secure and regulate the amount of icarmth 
and ventilation. — Warmth and ventilation can only be properly secured 
by an attentive observation of atmospheric conditions and of the num- 
ber of Kpectators, and by prompt application of the proper means. There 
is, in fact, no difKculty in the arrangement or the management of the 
apparatus ; but it is necessary to take care, and not to trust to ordinary 
firemen, nor even to the managers of theaters, always interested in 
using as little coal and gas as possible. 

It is then indispensable to confide this truet to special agents, respon- 
sible directly for the authority and the regularity of the service, and 
obliged to mate daily reports. Without such control, independent of 
theatrical manjigers, the best apparatus may give imperfect results or 
even fail entirely, 

132. Application. — The preceding rules have been adopted, after long 
discussion and many experiment^,* to serve as bases ibr the plans to 
be adopti>d at the Lyric Theater and the Uh&telet Theater. The city 

* Tbe couimiBaioD obar^pid irith ttio iaTeaCi^^^tioa of tbo questioD ftod the examioft- 
tioD of prujects was composed of Dumaa, member of tba iDHtJtate, president ; Cbaix- 
d'Est-ADge, Pi'loime, Bayor, Oilbert, Caristle, Baltftid, GeooTal HoriD, menibera of the 
luetltQle; Grassi, cbomist. 
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government has scarcely any control over the latter, and bot little over 
the former. Still, as the results obtained at the Lyric Theater have, in 
tlie main, been somewliat satisfactory when the apparatus lias been 
properly managed, I will describe this first application, in spite of its 
imperfections. 

The auditoriam, intended to accommodate 1,700 spectators, has really 
bat 1,472 seats, distributed as follows : 

Orchestra, parqnet, and lower hoses 4i0 

First tier , 206 

Second tier 302 

Third tier 178 

Fourth tier 296 1,032 

1,473 

The amount of air to be renewed for each spectator had been limited 
to 1,0G0 feet an hour, which, with the above number of places, corre- 
sponded to a total volume of 1,500,000 cubic feet au hour. The condi- 
tions imposed upon the contractor, based ou the hypothesis of 1,700 
spectators, would require a renewal of 1,800,000 cuhicfeetof air au hour. 

133. Ertemalair supply. — The air-supply was takeu iu St. Jaoqaes 
Square from a circular well 12 feet iu diameter, which, by a siibtcrrauean 
passage, at first cii-cular, 11 feet in diameter, and afterward of variable 
form, but of tiie same sectional area, carried it to the subbasement of 
the building, and spread it over the whole estent occupied by the heat- 
ers and the air-chambers. The sectional area of the passageway was 
therefore bat 08 square feet; and experiuieut (December 0, ISfi'Z') hav- 
ing shown Ibat the velocity iu it was a^ much as (i feet a secuud, the 
volume of fresh air introduced by this gallery was that day 1,090,000 
cubic feet- It was only deemed necessary to iutroiluce 1,0(JO,000 cubic 
feer, since the uuavoidable admission of air through the doors, the pas- 
sages, aud the stage would easily and without iuconveuience furnish the 
balance, as has been found to be the case. It would, nevertheless, be 
more prudeut in such cases to calculate the dimensions of the fresh-atr 
truuk to furnish the entire amount. 

134. Alteration of the adopted plans. — But a little while after the open- 
ing or the lease of tbe theater to the manager, the external freshair pas- 
sage was closed, aud eVeu the pit iu St. Jacques Square covered with ivy. 
Thus the introduction of air by these passages, as well as by the pipes 
leading to the interjuists of the boxes, is almost entirely prevented, 
while the outward draught is as strong as ever. It therefore follows that, 
to replace the air carried off, cold air euters through the halls, passages, 
&c., which is very unpleasant for the spectators, and which the public 
attribute to the general arrangements adopted, while they are only the 
result of want of care and of the exercise of authority. 

* £tiidu lur la ventilation, vol 2, 
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In spite of the iDfluence whicb these chaoges, and otherB eqaallysori- 
ona, in part of the apparatus have had on their operation, I will describe 
the resnlts which have been obtained by continnous service when the 
veQtilatioa haa been regularly kept up. 

135. Qroundflo4yr. — Part of the air supplied by the air-tronks passes 
into two heaters placed ander the main hall ; tbe rest dows into two mix- 
iug- chambers, having together a capacity of 6,500 cubic feet. The two 
heaters have a sectional area of 97 square feet, and the amonnt of warm 
air which thfy can supply to the mixing-chamber being at a maximum 
883,000 cubic feet an hour, or 245 feet a eecond, this corresponds to a 
velocity of 2J feet a eecoud. 

From tbe air-chamber, and from each of ita compartments, branch off 
aix pipes, of which — 

Two are intended to supply fresh air to tbe different galleries. 

Two were to supply air entering the room by the floor of tbe stage, 
concentric with tbe foot-lights. This method of iotrodnction had to be 
abandoued, as it was nupleasant to tbe musicians. 

Two were to carry air in vertical pipes placed by tbe stnge-openiug 
against tbe wall which separates it from the anditoriam. 

There are, in addition, four heaters for warming the veatibales, tbe 
staircases, waiting-rooms, dressing-rooms, &c. 

136. Reinotal of foul atr.— In tbe orchestra and parquet, the air is 
drawn off under the floor by 101 openings, having altogether a clear 
area of about 65 square feet. The passage under the floor, which should 
have had a clear area of 118 square feet, bas been reduced to 40 square 
feet. 

Tbe air drawn off at this height, carried by two pipes to the right and 
left, is drawn to two ventilating-cLimneys, which contain the smoke- 
pipes of the heaters of the hall,aud may also, when necessary, be heated 
by a small special fire. 

Direct esperiments, made during five consecutive evenings in May, 
1863, with external temperatures comprised between 56^ and 73°, have 
shown that a mean consumption of 441 pounds of coal, costing aboat 
(2 for each performauce, eBects the removal of about 600,000 cubic feet 
of air an hour, which corresponds to about 1,4U0 cubic feet to a seat. 
By means of this abundant ventilation, the temperature of tbe orchestra 
and parquet may be maintained within proper limits. 

But the managers of tbe theater do not use tbe two ventilating-chim- 
neys ; and if they have not been closed, instead of promoting the removal 
of foul air, they may canse tbe entrance of cold air, in consequence of a 
reversal of the direction of tbe motion of tbe air caused by the greater 
power of the npper draught. 

For the first, second, third, and fourth galleries, the foul air is carried 
out at the floorof tbe galleries or tbrongh the steps of the amphitheater, 
as was remarked in § 12G; and the observations made in May, 1863, 
bave shown that tbe amount of foul air extracted at the base of the 
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cu^iola was as miicb as 1,3S1,000 unbic feet for 736 places, equal to 1,S48 
cubic feet to a place. For tbe wbole audieDce-room, coutaiuing 1,472 
places, tbe total amooot of air removed on au average dariog tbe Ave 
evenings in May, 18G3, wLeii tbe observatiooB were made, was as mncb 
as 1,!>70,000 cubic feet, or 1,338 cubic feet instead of 1,060, wbicb was 
all demaiided. Tbe total amount was even raised on December 3, 1862, 
to 2,121,000 cubic feet an hour. 

137. Maintenance of equality of temperature in the different galleries. — 
1 have given in my investigations in regard to veutilatioa* tbe results 
of experiments wbicb bave been made under very differeut temperatures, 
and wbicb bave sbown tbat tbe results obtained bave exceeded what 
was required as to the amouut of air removed Irom the room at the 
diS^reut galleries. The results relative to keeping up the temperature 
bave not been less satisfactory, lu fiict, by means of tbiu regular ven- 
tilation, tbe temperature at tbe differeot galleries has been maintained 
at a very remarkable state of uniformity, as shown by tbe following 
results for tbe first and fourth galleries, which alone will be cited here: 






May 24. 1863 02.25 69.10 69.80 

Mayas, 1S63 55.S5 71.60 74.66 

May !i6, 1863 55.85 71.60 72.06 

May 27, 1B63 59. W 75.02 75,03 

May MJi, 1H63 62.60 75. M 76.64 

Mayas, 1863 67.10 76,10 77.36 

May ;!0, 1B63 ; 

It is well to repeat that in a place strongly ventilated a temperature 
of 75° does not feel unpleasant, and that if tbe direct ext«rual air- 
opeuings required for tbe samnier season have b6eo made it will be easy, 
if required, to obtaiu a stitl smaller difference twtween tbe external and 
interual temperatures. 

At the old Opera, the Italian Theater, and most of tbe unveDtilnted 
theaters, it is not uuusual to observe temperatures of 95° and 105°. 

138. Temperature on tite stt^e. — When tbe beaters designed to warm tbe 
stage are well managed, a proi>er degree of temi>erature may always be 
maintained there. Thus, in Kovember, 1863, with ao external temper- 
ature of 39°, was obtained — 

o F. 

On tbe stage 60.03 

In the orchestra-stalls 70. 88 

In tbe gallery-boxes, (average) 72. 32 

In tbe am p b it h enter, (fourth gallery) 73. 94 

'£luda (or la FtHtilation, eol. 2. 
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Id May, with external temperatures of from &i° to 68^ at 7 o'clock, and 
Aom 55° to 57° at midaight, tke temperature on tlie stage was on an 
average 71° to 73°. 

139. Tolnme'ofairearrUd off at tlueupaia toacubicfootofgtu bunted.-^ 
DariDg the experiments of Ma;, 1863, the volume of gas burned au boor 
in the main room vas oo aa average 3,&10 eabic feet, and the volnme a£ 
air was 1,361,000 oabic feet, which oorrespoods to 462.5 cubic tect of air 
carried off by a cubic foot of gas coosumed. Bat in the above-men- 
tioned consumption is included that of a large uomber of bumers wbich 
bad no direct influence on the ventilation. A removal of 600 to 800 
cubic feet of air to a cubic foot of gas directly consumed to produce it 
may be calculate upon when proper arrangements are made. 

140. Caiue^ienee$ of the preceding facts. — The results of direct experi- 
ment made in different seasons show that the arrangements adopted 
for warming and ventilating the Lyric Theater are capable of producing 
Bstisfactoiy results. The same is true of tbe Gait^s. 

It is a pity to see the public, in consequence of the senseless parsi* 
mony of the manager of a tlieater, deprived of the advantages wbich 
tbe administration of tbe city of Paris has, at considerable expense, 
Dsdertaken to secure them. 

STABLES AKD OOW-HOCSES. 

141. The capacity of stables should be 1,800 cubic feet to each animal ; 
this was tbe proportion adopted in 1841 by tbe war-minister for cavalry- 
stables. In all oonatrneted since that time for tbe army-service, the 
width allowed for each borse is about 4} feet. 

Tbis inoiease of apace produced from 1835 to 1858 a reduction in the 
number of horues lost in 1,000, froip 51 deatba by ftlanders in the period 
&om 1835 tA 1845 to 10 only during that from 1845 to 1858, and troia 94 
deaths from all diseases in 1835 to 1845 to 22 only fh)m 1848 to 1858. 

Large corporations, such as the General Omnibus Company and tbe 
railroad-oompauies, are then wrong in restricting tbe capacity of tbeir 
stables to 700 or 900 cubic feet of air to a head. 

142. Permaneat opeKtag of doors and windows. — Experiments carried on 
for several years in cavalry-regiments in garrison in the north, cenr«r, or 
soutb of France, bave proved tbat horses have better health and grenter 
strength when kept ia stables where tbe doors and windows are con- 
stantly kept open night and day in all seasons than where they are kept 
shut. Similar observations have been made iu stables contalulug a 
great many cattle, which are thus relieved from epidemic affections of 
the respiratory organs. 

143. Amount of air to be allowed. — When stables are not arranged so 
as to admit air througbont tbeir whole length and by two opposite walli», 
it is proper to make in the roof at tbe middle of tbe alleys, if tbey are 
double or above the passage behind tbe horses, ventilating-cbimnc.v8 of 
brick sufficiently large to secure a ventilation of 0,400 to 7,000 cubic feet 
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of air an honr to a horse, with a velocity of 28 inches a secoail, which 
may be produced by a difference of temperature of ll<^ to 13° between tbe 
extemal air atid that of the stable. This requires that the chimneys 
have a sectional area of 108 to 121 aqoare inches to a horse. 

By means of this ventilation, the bygrometrical condition of the air in 
the stable will be maintained within convenient limits. 

144. Use of gas-burners. — The ventilation of stables may be increased 
by making use of the heat given out by gas-buruera used to light them 
np at night, which then allows of redncing the sectional area of the 
ventilating-pipes. 

145. Cow-liouaea. — What precedes relates to work-animals. In the 
case of milch-cows, it appears tbat a certain drowsy laziness is favorable 
to the prodaction of milk ; and in soch cases it is necessary to limit the 
ventilation to what is absolutely necessary for health. 

MEAH8 OF CONTROL. 

14C. Means to be used to determine tlie condition and tke results of a 
system of ventilation. — It has been »bown by the numerous examples 
that precede that the establishiueut of a complete and regular renewal 
of air in occupied places iu reality presents no difiiculty, and that the 
rules to be followed are very simple. Their application will be equally 
BO, and will involve but little expense if architects take care to devise 
plans of ventilation at the same time that they make the plans for con- 
struction, instead of waiting till the building is almost lloished. 

But when all the arrangeuieuts have been made to secure the renewal 
of air, the first thing to do is to examine whether the desired results 
have been obtained, and the second is to regulate the operation of the 
apparatus. 

To determine what are the amounts of air carried off and drawn in, a 
small portable instrnmeut is used, called an anemometer, cousisting of 
a wiuif-uiill with light and easily-moved vanes, connected with gear- 
wheels and pointers, which indicate the number of turns made by the 
vanes in a giveu time. 

Experiments show tbat with au apparatus of this bind the velocity 
of the air may be deduced from the number of toms of the wings by 
means of an equation of the form : 

V=a+ftN 
V t>eing the velocity in a second ; 

a, a constant term, expressing tbe velocity of the air at wbicb the io- 

strumeut commences to move ; 

b, a constant number; 

N, tbe number of turns indicated iu a second. 

Thus, one of the anemometers of the Conservatory has the formula : 
V (in inches) = 8.GU + 7 N 

This instrument should be placed, as far as possible, in a part of the 
flae traversed by the air, where the velocity is nniform and well regu- 
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latet3. It should be kept ia operation at least two raiantes, if n watch in- 
dicatiDg seconds be used ; aDdfoarorfive,if awatcbiudicatiug miDntes 
ouly is employed. From tbe number of turns made in this lutervul of 
time m!i,Y be deduced that correspoDdlDg to a secoad, whence the ve- 
locity, V, may l>e obtained. Tbis velocity, multiplied by tbe sectional 
area of tbe Qae, will give the amount of air passing tbrough iii a second, 
and from this the amount passing tbrough in 3,600 seconds, or au hour, 
can be obtuiued. 

If it be feared that the velocity in the flue is variable, on account of 
its large size or other circumstances, it will be necessary to try the 
instrument at different places, which.will then give with sufficient exact- 
ness the mean velocity of the air. 

Wben it is desired to determine the volume of air which is carried 
out or drawn in through an opening covered with a grating, the ane- 
mometer should not be placed above or in front of this opening, as is 
done by many observers, and the velocity resulting from the number of 
turns observed taken as the mean velocity of the air passing through. 
Serious errors will result from this method. The pi-oper way is to place . 
before the opening, and fitting to it as closely as possible, a pipe having 
at one end the form of the opening, and joining at tbe other vuA a cyliu- 
dricul pi|ie at least 2 feet long, iu which the anemometer should be 
placed, which would then indicate tbe velocity of passage in this part 
of the auxiliary pipe. Tbe velocity of the air introduced or witbdrawo 
in a second or an hour may easily be deduced aiterward. 

147. Means of insuring the regularity of the ventilation. — While the nse 
of portable anemometers serves for experimental investigations and for 
tbe determination of tbe results obtained by tbe ventilation, it is not 
sufficient to secure the necessary regularity of ventilation in large estab- 
lishments. 

In such eases it is necessary to introduce much larger anemometers, 
connected with an electrical recording-appiiratua placed iu the office of 
the superintendent, or iu a conspicuous place where it can be seen every 
hour, or every morning and evening, whether the' renewal of air is pro- 
ceeding with regularity and with the prescribed energy. 

This is not the place to describe tbe apparatus." I confine myself to 
stiitiug that an anemometer of the kind has been employed with suc- 
cess for several years at the Conservatory of Arts and Tnides, to insure 
regularity iu the ventilation of tbe lecture-rooms ; and that every year 
it works for about five consecutive months without derangement, and 
without requiring any care but the renewal of tbe solutions iu the bat- 
tery two or three times a season. 

A similar anemometer has been in constant operation for several 
months in the ventilating-chimney at Lariboisi^re Hospital, and has 
Berved to show, every morning, tbe amount of foul air removed from a 

■ Bee tbe AnndU* du CoimrvtiiHre, vol. T>, 1864, p. 341. 
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wiDg containing 106 beds, doling the night, and, ever; evening,' the 
amoant during the day. 

Methods of observation of this kind, aatomatic and independent of 
the personal action of the employ^ are the indispensable adjancts of 
great ventilating systems, if it be desired that the service be performed 
in a regnlar manner. They also serve to render the work of inspection 
by (be heads of the establishment more easy and efficient. 



Brraia in previons portion of tliis article contained in the report for 1973 : 

In i 31, pp. 308, 309, for 1,000 oitbU feet ifdjft, read one cubic foot migiw; and for 

vfigUof l,000eubie feet, leaa weight of me cubic foot. 
In i 35, pp. 310, 311, for 0.000075(t, O.OD0081, 0.000005, 0.000077, 0.000074, 0.000003, Kad 

0.O75G, 0.081, 0.0(e, 0.077, 0.074, 0.003 reipeotiTfly. 



^d by Google 



ETHNOLOGY. 



[It is considered important to collect all possible iuformation as to the 
location and character of ancieut earth-works, which exist in various 
parts of the Uuited States, with a view to classify them and determine 
their distribution in relation to special topographical features of the 
coantry as well as to dtffereut regions. For this purpose the correspond- 
ents of the Institution are respectfully reqaested to furnish information 
as to any ancient reoiains of this character existing in their neighbor- 
hoods.— J. H.] 

AirCIIITT flSATBS AND SHBLI-RBAPa OF CBIFOBIIA. 

By Paui, ScauMACHBH. 

Doring my visit to that part of the California coast between Point 
San Luis and Point Sal, (Map A,) in the months of April, May, and 
June, of 1874, 1 oft«n had occasion to observe extensive shell-heaps, like 
those I had found aboat a year previously so numerous along the shores 
of Oregon. These deposits of shells and bones are the kitchen refuse of 
the earlier inhabitants of the coast regions, where they are now found, 
and, though differing Ironi each other in their respective species of shells 
and bones of vertebrates, according to the localities and the ages to 
vhich they belong, they have still, together with the stone implements 
found in them, a remarkable similarity in all parts of the North Ameri- 
can Pacific coast that I have explored — a similarity that extends fiirther 
to the shell-heaps or " Ej)iliken-modding»^ of distant Denmark, as investi- 
gated and described by Enropean scientists. 

In Oregon, tvom Chetko to Itogue Biver,* I fonnd that these deposits 
contained the following species of shells : Mytiha Califomianua, Tape$ 
Btaminea, Cardium XuttaUii, Pxtrpvra facfuca, &c; eight-tenths of the 
whole being of the species first mentioned. 

In Culiroruia,on the extensive downs between the Arroyo Omndc and 
the Rio de )a Santa Maria, the mouth of which latter is a few miles north 
of Point Sal, I found that the shells, on what appear to have been tem- 
porary camping-places, consist nearly altogether of small specimens of 
the family Lucina; so much so that not only can scarcely any other sort 

* Of tbo coUectioDB mode by tbe writer at that place, tbe complete and illnstratod 
descriptJOD nill be fonod in tbe SmitbMDiau Beport for tbe year 1873, p. 354. 
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be fouDd, bat hardly even aoy bones. M; reason for sapposiiig these 
heaps to be the remains of merely temporary camps, is the small nnm- 
ber of flint bDives, spear-beads, and other imploments- found therein, and 
the total absence of any chips that might indicate the occasional pres- 
ence of a workshop where domestic tools and weapons of war were mao- 
nfactured — a something that immediately strikes the accustomed eye in 
viewing regularly weil-established settlements. On further examining 
this class of heaps by a vertical section, we find layers of sand recur- 
ring at short intervals, which seem to indicate that they were visited at 
fixed seasons; those mSddings exposed toward the northwest being 
vacated while the wind from southwest was blowing sand over them, 
aad, mutatis mutandU, tiie same happening with regard to camps with 
a southwest aspect while the northwest wind prevailed. It is fair, then, 
to suppose that these places were only the temporary residences of the 
savages to whom they appertained ; that they were tenanted during 
favorable times and seasons for the gathering of mollnsks, which, 
having been extracted from their shells, were dried in the snn for trans, 
portation to the distant permanent villages. The comparatively small 
qnantities of shell-remains now found at these regular settlements going 
also to support this theory. So graves have been found near these tem- 
porary camps. I discovered, however, one skeleton of an Indian, in con- 
nection with which were thirteen arrow-heads, bnt it was plwnly to be 
seen that thedeath of this person had happenedduring some short sojourn 
of a tribe at tliis place, as the burial had been effected in a hasty and 
imperfect manner, and the grave was without the nsual lining which, 
as we sball see, is found in all the other tombs of this region. 

On the extremity of Point Sal, the northern projection of which is 
covered by large sand-drifts, we find, down to the very brink of the 
steep and rocky shore, other extensive shell-deposits, which, with few 
exceptions, consist of the Mytilus Californianus and of bones ; fiiat chips 
being also fonnd, though very sparsely in comparison with the mass of 
other remains. Tho sea having washed out the base of this deoBvity, 
and the top-soil haviug, as a consequence, slid down, we see on the edge 
of the cliff ehell-Iayers amounting in all to a thickness of four or five 
feet ; that part closest to the underlying rock appearing dark and ash- 
like, while the deposit becomes better preserved as the surface is neared. 
At other places, for example, on the extreme outer spar of this Point 
8al, the shell-remains have been so conglomerated or cemented together 
by extreme antiquity as to overhang and beetle over the rocks for 
quite a distance. 

Leaving the temporary camps, we shall visit the regular settlements 
of the ancient aborigines. Traces of these are fonnd near the BOuthem 
Point Sal, at a place where it turns eRstward at an angle of something 
less than 90°, behiud the flrst small bill of the steep ridge which trends 
easterly into the country, and which, up to this spot, is, on it» northern 
slope, covered with drift-sand and partially grown over with stonted her- 
22= Cooglc 
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bage, (Fig. 2.) Further tracm of a like kind are to be seen on the high 
binff betweea North and South Poiut Bal, (Fig. 3.) Here the shelU are 



piled op in shapeless, irregular heaps, aa they are met in all localities on 
the coast where there were the fixed dwelling-places of people whose prin- 
cipal food consisted of fresh shell-fish ; for in the neighborhood of these 
permanent homes the shell-remains were always pnt away in fixed 
places, while in temporary camps they were carelessly diatribnted over 
the whole surface of the ground. Very vividly did these bleached 
monads recall to my mind the immense remains of such heaps as ■! 
had seen in Oregon, on the right bank of the Ghetko, as also near Nftt-& 
net, and near Crook's Point, Chetl-£-8hla, close to Pistol River. I re- 
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m«mbered, also, how I btul observed the Indians in varioos places; for 
example, near Orescent City, on the Klamath, and ou the Big Lagoon, 
- formiugjDBtsnch shell-heaps; two or three families always depositing 
their reAise on the same heap. 

Fig. 3. 




To retnrn to Sonthern Califoroia. A deposit similar to that of Point 
Sal, althoagb mncb smaller, is foand on the left bank of the Santa 
Maria Biver, near its month. Both at the flrst-desoribed fixed camps 
and at this place there are to be foand tons of dintKsbtps, scattered 
about in all directions, as also boivea, arrow-heads, and spear-heads in 
large nnmbers. I was somewhat disappointed, however, in being un- 
able to find any graves; sach numerous heaps indicating the existence 
of important settlements, that should have been accompanied by bnry- 
ing-places. I therefore moved farther inland, seeking a locality where 
the soil coald be easily worked, where a good view of the sarroauding 
conntry conld be had, and where, above all, there was fresh water, all 
of which requirements appear to have been regarded as necessary for 
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tbe locatioD of an important village. I Boon recogoized at a dietaiice 
sbell heapa and bonea, the former of wbich ttecome scarcer as we leave 
tbe shore. Approaohiag these, ou a spur of Point Sal, upon whicli a 
pass opens through the coast-hills, and on both sides of which are 
springs of fresh watw, though I did not succeed, after a careful exami- 
nation, in distinguisbing the remains of a single bouse, I think I found 
the traces of a large settlement ou a kind of saddle on the low ridge, 
where fliat-chips, bones, and shells lie in great numbers. At length 
search revealed to me in the thick ckaparral a few scattered sandstone 
slabs, such as in that region were used for lining graves. Digging near 
these spots, I at last found the graves of this settlement, called by the 
old Spanish residents call Ke3-ma-li. (Fig. i.) 

Fig. 4. 
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Here were broaght to ligbt aboat one haodred aud fifty skeletons and 
varians kinds of implemeDts. The graves were constnicted in the fol- 
lowing manner: A large bole was made in tbe sandy soil to a depth of 
aboat five feet ; then a fire was kept in it antU a hard brick-like crnsC was 
bnrned to a depth of fonr ot five inches into tbe surroanding earth. 
The whole excavation was then partitioned off into smaller spaces by 
sandstone slabs, about one and a half inches thick, one foot broad, and 
three feet long; in which smaller partitions the skeletons were found. 
One of these dabs generally lay horizontally over the head of the corpse, 
as a kind of protecting roof for the skull, jast as I found them at Cbetko 
Biver, altboagU in the latter place tbe graves were liued with split 
redwood boards instead of stones. Such carefnl burial is not, however, 
always met with, and mnst evidently be taken as a sign of tbe rank 
or the wealth of the deceased ; the more so, as in such graves I usu- 
ally found many utensils, which is not tbe case with the more care> 
lessly formed tombs, which were covered with a piece of rough stone or 
half a mortar. The slabs above mentioned were geuerally painted, and 
a piece which I carried off with me was divided lengthwise by a single 
straight, dark line, (torn which radiated, ou either side, at an angle of 
about 60<^, tbirty-two other parallel red lines, sixteen on each side, like 
the bones of a fish from the Tertebne. In most cases tbe inner side of 
the slab was painted red. Unluckily the specimen I took with me be- 
came wet, by Fain, before I was able to convey it to a place of safety, 
and the previously-well-preserved design was blurred. 

In these graves the skeletons lay on their backs, with the knees drawn 
np, and the arms, in most cases, stretched out. No definite direction 
was observed in tbe positioa of the bodies, which frequently lay in 
great disorder, the saving of room having been apparently the prime 
consideration. Some skeletons, for example, lay opposite to each other, 
foot to foot, while adjoining ones, again, were placed crosswise. The 
skeletons of females have, instead of the protecting head-slab, a stone 
mortar or a stone pot placed on its edge, so as to admit the skull, which 
latter, if too narrow in the neck to admit tbe sknll, is simply buried 
underneath it. Cnps and ornaments, both in the case of men and wo- 
men, lie principally about the head, while shell-beads are found in tbe 
mouth, the eye-sockets, and in the cavity of the sknll, which latter is 
Almost always filled with sand, pressed in through tbe foramen magnum. 
The skeletons were, in some cases, packed iu quite closely, one over 
another, so that the uppermost were only about three feet below the 
surface of the ground. The indications of poverty are very evident in 
regard to these, in the scarcity of ornaments, except, perhaps, when 
they are females, as tfaey toe io the majority of cases. I cannot accept 
tbe hypothesis that these were tbe slaves of some rich man and buried 
with their master ; for the lower skeletons were generally found to have 
been disturbed in a very singular manner, such as could only have been 
occasioned by a re-opening of the grave after the decomposition of the 
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bodies. I foand, for example, a lower Jaw lying near its right place, 
bat npside down, so that both the apper aod the lower teeth pointed down- 
ward ; in another case the thigh-bones lay the wrong way, the knee* 
pans being tamed toward the basin ; and, in other instances, the bones 
were totally separated and mixed np ; ail tending to show that the graves 
had been repeatedly opened for the bnrial of bodies at different times. 
Once I even fonnd, upon piercing the bottom-crust of a sepniohre, 
another lying deeper, which, perhaps, bad been forgotten, as the bones 
therein were somewhat damaged by fire. Plenty of charcoal is fonnd in 
these tombs, naoally of redwood, rarely of pine, and I conid not deter* 
mine any third variety. Sometimes there were also disoovwed the re- 
mains of posts &om three to six inches in diameter, and of split boards 
abont two inches in thickness. These are probably the remains of the 
banied dwelling of the deceased, placed in bis grave with all his other 
property, after the fashion I observed in Ohetko last year. 

I examined other graves resembling those described at Point Sal. 
These others are known by the name of T6-mg-tfi-tI, They lie aboot 
fonrteen miles north of tbe Point Sal graves, and are situated on tiie 
right bank of the Arroyo de los Berros, opposite to the traced of former 
settlements abont seven miles inland. These tombs only differed from 
those of K^-ro&-tl in not being lined with the thick homed brick-like 
crast mentioned above, bat with a thin light-colored omst, slif^tly 
bnrned, and not more than a quarter of an inch thick. 

To these graves I paid a second visit, hoping to obtain more material, 
having been there only a very short time at my first visit Bat the 
proprietor of the land disappointed my desires, tor he appeared, In spite 
of my scientific explanations, to be inclined, according to sqoatter- 
foshion, to prevent, with bis rifle, my visit to the land, to which he pos- 
sessed no title. These were the graves where I fonnd tbe bronze cop, 
and a bnckle of tbe same material, which later, I am sorry to say, was 
nnacconntably lost. I had hopes to discover more of sach artii^es, 
ttoabliDg me to trace tbe connections of these people. The locatiou ot 
this village is ralber hidden ; it is situated on a small plain between a 
blnfiy elevation on the left bank, and the rather high and wooded right 
banks of the Los Berros Greek. I coald plainly nodoe the excavations 
where houses had formerly stood, and particularly the large sweat- 
hoase. 

In company with the well-iofonned and indnstlioas antiquarian. Dr. 
W, W, Hays, and Judge Venabd, of San Luis Obispo, I explored 
another aboriginal settlement known by the name of Kt-pd-mO. It is 
situated on the large rancho of like name, abont eight miles inland, and 
distant abont a mile and a half from tbe Nipomo Baoch House, ooca- 
pied by the hospitable Dana brothers. These graves are aUo in sandy 
soil, near a former settlement, the existence of which is well marked by 
quantities of flint-chips, fragments of tools, bones, and a few shells. 
Only about three hundred yards &om the graves, and nearly in a 
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straight line vittt tliem and one of the hoases of Nipomo Baocb, tbere 
is a large fipriDg of good water, amromided by willows. Tbese graves 
were indicated by an elder-bush, a plant which I alvays found near the 
graves, or in the neighborhood of ancient settlements. 

Lastly, I examined the Wft-lg-k&e settlements, (Fig. 3.) I hesitated 
to oadwlake the trip to tbese graves, because I only had four days left 
before the departure of the steamer ; and consequently I woald only 
have aboQt six hoars remaining for work. Bnt, as I supposed this 
coantry offiBred mnch of interest to the explorer, I made only the fol- 
lowing examination : 

Abont twenty-five miles from the month of the Santa Maria Biver 
the Alamo Creek empties into it, discharging a large amount of water. 
Following the wide bed of the Saata Maria for abont seven miles fartber 
ap stream, we reach a smooth elevation, which at this place rises abont 
sixty feet above the bend of the river, and which trends in a carve 
toward the monntains on the right bank. At the farthest end of this, at 
a place where a fine view over the whole valley is had, we flod the traces 
of the ancient village, now known as W&lS-kbe. A short distanoe from 
the former dwellings, on the highest point of the ridge, an excavation 
marks the spot where once a house stood, probably that of a chief. 

I started &om San Lois Obispo to visit this place, passing by the 
remarkable tar-springs, which are sitoated at about a distance of eight- 
een miles from the town. Sear them I fonnd traces of what bad formerly 
been a large ditch. As before stated, I had not time to make thor- 
ough examinations, yet I found that the ditch was still three feet wide, 
and entered the creek some miles above the tar-springs, on the banks of 
which creek the said springs are found in different places. Near the road 
I observed, in the middle of the ditch, an oak-tree, measuring twelve 
inches in diameter, and which plainly had taken root after the abandon- 
ment of the ditch ; for it was not torn up, as would have been caused 
by the running water, but was at this place well preserved. 

I also visited Ostion rancho, (sometimes called Banchito,) at which 
place there are extensive beds of oyster-shells, and also some other 
species of shells, among which are prominently Tapea. At one place, 
about fifty yards from the right bank of the Arroyo Grande, the shells 
are closely packed and bound together with coarse sand, forming quite 
an extensive blaff. t collected a few specimens, which I presented to 
the California Academy of Sciences. 

At the place where Alamo Greek empties into the Santa Maria Biver, 
on its left bank, I found several earth-works, and they appeared to me 
to have been built on this level but elevated spot, the entrance of the 
valley, for defensive purposes. During my hasty examinatiim I could 
not discover any place whore a honse might have been, nor any graves, 
bnt nevertheless I incline to the belief that near this place had been an 
imitortant settlement ; for Alamo Greek has better drinking-water than 
the Santa Maria Biver, and its width and the adjoining country form 
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quite a pictaresqne landscape, wbicli, together with the excellent hnntiDg- 
groand, is really most inviting for a settlement. Probably, on closer 
examination, tbe remains of a settlement might be fonnd in the plain on 
the right bank, where the elder-bashes give weloome shade to man and 
beast. I have no doubt that the bauks of Alamo Creek and the snr- 
rouuding country will yet yield many remains of former settlements, 
as also tbe banks of tbe Santa Maria Biver and its ttibntaries, where, 
besides the settlement of W&iekbe, which I explored, there are two 
others, knowu to tbe ever-roving Taqveroa. 

With regard to tbe general character of the domestic nteosils, anna, 
and ornaments which I fonnd in examining abont three hundred skele- 
tons in tbe graves of Efis-mil-ll, T&m6-tS-tI, Nl-pti-mO, and WS-IS-khe, 
they all resemble each other very closely, seeming to show that their 
possessors all belonged to tbe same tribe. First of all, the large cooking- 
pots attract attention. They consist of globular or pear-shaped bodies, 
hollowed out of magnesiau mica. The circular opening, having a small 
and narrow rim, measures only five inches in diameter in a pot with a 
diameter of eighteen inches. Near the edge of the opening, this vessel 
is only a quarter of an inch thick, but its thickness increases in a very 
regular manner toward tbe bottom, where it measures abont one and a 
quarter inches. Made of the same material, I fonnd other pots of a 
different shape, namely, very wide across tbe opening, and narrowing 
toward the bottom. With these I have also now in my possession many 
different sizes of sandstone mortars, of a general semiglobnlar shape, 
varying from three inches in diameter and one inch and a half in height 
to sixteen inches in diameter and thirteen inches in height, all external 
measurements, with pestles of the same material to correspond. There 
were, further, quite an assortment of cups, measuring from one and a 
quarter to six inches in diameter, neatly worked out of serpentine, and 
polished. The smallest of these was inclosed, as in a doubly-covered 
dish, by three shells, and contained paint, traces of which, by tbe way, 
were fbund in all these cups, from which we may suppose that they 
were not used for holding food. 

Neither spoons nor knivea were fonnd in these graves. I got, how- 
ever, three beaatifnl serpentine pipes, shaped like cigar-holders, much 
stronger than, but similar in shape to, those fonnd in Oregon. Not 
many weapons were picked up here, only a few arrow and spear heads; 
these, however, were mostly of exquisite workmanship. A spear-head 
of obsidian, five and a half inches long, was the only ot^ect I fonnd of 
this material J another lauce-poiot of chalcedony, nine and a half inches 
long and one and a quarter inches wide, was beautifully shaped and 
carefully made. 

A remarkable object is a bronze cup which was found at Tg-mfi-tfi-tl. 
It was filled with red paint, and contained also the pretty paint-cup in- 
closed in the three sheila mentioned before. I also found in the Sftme 
grave, a Spanish coin of the last century, and a bronze buckle, 



346 ETHHOLOGT. 

wbicb latter vaa lost. The LroDze cup, tbe coiu, and a pot of burnt, 
coarse, sandy clay wbicb was fouud at Nl-ptt-mo, and also a few remains 
of corroded iron knires, fonud in tbe three graves, telt ns of the last' 
days of tbe existence of these people at a time when they evidently bad 
bold intercourse with tbe advancing missionaries, who, almost every- 
where in America, were the pioneers of civilization. 



Most of the objects were found perfect; and those which were not, had 
been broken by tbe pressure and shifting of the soil, as could easily be 
eeeu from their position. It Is, therefore, certain that tbe bnlk of tbe 
property buried with a person was not purposely broken nor destroyed, 
the same thing being true of my investigations in Oregon. I even 
found mortars and pestles which had been repaired and cemented with 
aaphaltum. The richer occupants of the graves bad shell and glass 
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beads in great nnmbers, sickliyshaped ornaments of the abaUme {haliotia) 
she)!, and an ornament resembling deatalium, bnt made of a large clam- 
shell, strewed aboat their heada. 

During my explorations I also diligently searched for caves vhieh 
might have been inhabited and from which important inforniation might 
have been obtiuned. But in these investigations I did not meet with 
mach success, partly because I had not the time necessary at my dis- 
po8al,for scarcely had I got to a place where they existed, when my (Intics 
demanded my attention and obliged me to give np the exploration. I 
could, therefore, only designate on my map the place which I might, with 
Borne degree of certainty, suppose to be a formerly-inhabited cave, bo 
as to facilitate later iuvestigatious. Once I was obliged to suspend 
work at Point Sal for a whole week ovt account of thick fog. I had time, 
bowevor, to search in the gorges and rochs, hoping to find ethuological 
objects. I discovered and opened at that time the graves of KSs-mO-IIj 
and not far off the cave, (Figs. 4 and 6.) But I was rather disap- 
pointed, when, after clambering through and oyer almost inaccessible 
places, I reachetl the cave, and found tfiat it was only eight by four feet 
wide and eight feet high ; and that there were in it only one pestle, with 
many oystAr-sbells, bones, and teeth. The floor was formed of atratilled 
brown ash-like soil, iu which were the above-mentioned objecta. The 
circular entrance to the cave measured three feet in diameter. On the 
right-hand side of the entrance was a niche which had evidently been 
worked out of the hard but cracked sandstone, and was large euongh for 
one person to sit comfortably therein. Toward the back part, the cave, 
has also been worked ont,so that a person might lie down stretched oat; 
that is, I found that I conld comfortably occupy these positions, although 
I am seventy-three inches in height. The whole cave, it appears to me, 
has been artificially made with a chisel. I did not examine the articles 
which it contained very closely, aud must, therefore, refer to the col- 
lection itself. For the same reason, I have not said much about all the 
other objects of the collection, but refer for more particulars to the fol- 
lowing catalogue and to the collection itself. 



CATALOGUE OF IMPLEMENTS FOUND IN THE DIFPEEENT OEAVES. 

1. Cup for preparing paints, together with an egg-shaped grinder, Xo. 

12. Ees^Orli. 

2. Mortar for preparing paints ; found with red paint in bronze vessel. 

Te-mi-te-ti. 

3. Mortar, soft gray sandstone. Sl-pd-mO. 

4. Mortar, hard gray sandstone. Ni-pO-mj>, 

5. Mortar, soft gray sandstone. Nl-po-mo. 

6. Paint-cap, dark stone, was found, together with the pipe, ISo. 4C. 
• M.' 

• N = NI-p6-ino ; E, KEi-mft-li ; T = T6-oi5-t«-U ; W = Wil-16-kL6- 
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7. Mortar, sandstone, roughly made. K. 

8. Mortar, perfect. W. 

9. Mortar. N. 

10. Cap made of talco-slate. N. 

11. Mortar, from graves utthe month of Sau Lais Obispo Creek. (See 

map A.) 

12. Mortar. N. 

13. Mortar. K. 

14. Mortar. N. 

16. Mortar. T. 
10. Mortar. N. 

17. Mortar. K, 

1$. Mortar, repaired with asphaltam. W. 

19-22. Mortar-halves, as foood protecting skalls, (mostly of females,) 

N, K, and T. 

33. Pot of magnesiaa-mica, peatTshaped. W. 

24. Pot of magnesian-mica, wide opening. W. 

25. Pot of magnesian-mica, glohular. JS, 

26. Pot of magnesiau-mica, globalar. N. 

27. Pot of magnesian-mica, glubalar. T. 

28. Pestle, sandstone. N. 

29. Pestle, sandstone. N. 

30. Pestle, saudstone. "S. 

31. Pestle, well worked, fonud in cave at Point Sal. 

32. Pestle, fragment N. 

33. Pestle. N. 

34. Pestle. N. 

35. Pestle, fragment. 

36. Pestte, repaired with asphaltam. T. 

37. Pestle. W. 

38. Pestle, il. 

39. Donbtfnl, at the shell-heaps. Point Sal. 

40. Flesher, (dressing skins.) Point Sal. 

41. Whetstone. E. 

42. Egg-shaped pestle, (to cap No. 1.) K. 

43. Bgg-shaped pestle. K. 

44, 45. Arrow-shaft polisher. X. 
40. Pipe. S. 

47. Pipe. N. 

48. Pipe. N. 

49. Amalet, (serpentine.) K. 

50. Fossil, vertebra of (t) K. 

61. Pot of burnt clay. N. 

62. Cnp of talco-slate. N. 

63. Bronze cap. T. 
64-66. Skalls. K. 
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Skull Xo. 57 supposed to be of a white man, and was fuuiid, 
with the rem of the bones, amoiig the rubbish of a shell- 
heap at Point Sal. 

67-70. Sknlls. IT. 

71. Skttlls. W. 

73. BoDes. W. 

73. Slab, of which the liuings of graves, in most cases, consisted. N. 

74. Shell-orDameDts. K. 

75. Teeth, sbelt-heaps. Point Sal. 

7C, Cup covered with three shells. T, 

77. Glass beads. K. 

78. Shell beads, (deutaliDm-like.] N. 

79. Ornament Point Sal. 

80. Plate, (fragment.) N. 

81. Plate. N. 

82. Plate, (machine-drilled hola) N. 

83. Beads made of shells. K. 

84. Bone(bow 1) shell-beap. Point Sal 

85. Hair, &c. 

80. Bill of a bird, fonnd in the month of a akeleton. S. 

87. Bed color, found in a pot. 

88. Beads of serpentine and shell. IS. 

89. Mortar, (ornamental 1) 'S. 

90. Bim of a bowl of serpentine, y. 
01, Seed fonnd in a poc If. 

92. Arrow-heads found with skull Xo. 105, on a temporary camping- 

ground, as remarked in the t^xt. 

93. Ear-ornaments. N. 

94. Shell ornaments. K. 

95. Seed found in a pot S. 
90. Abaloae ornaments. :Cf. 

97. Abaloue fonnd in excavitf of brains. K. 

98. Crystals of qnartz. IS. 

99. Shell ornaments, (dentalium-like.) K. 

100. Cave results. 

101. Bead of shell, finely finished and carved. K. 

102. Shell ornaments. 

103. Wall of grave. K. 

104. Skull, animal, found on shell-heap. Point Sal. 

105. Skull found on temporary camping-ground, as mentioned in text 

with arrow-heads, No. 92. 
IOC. Spear-beads and arrow-points. N. 
107,108. Lance-heads. 

109. Knives, as found especially on temporary camping-grounds. 

110. Ornaments of serpentine. JS. 

111. Stone blade. N. 
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112. Pestto, on shell-beaps. * Point Sal. 

113. Black paint, (f ) foand in pots, and often stievn aboat the sltnlls. 

114. KniTca, arrow-headB, &c., as foand on surfnoe near month of Santa 

Maria Biver and otber places, witb indications of a formerly- 
permanent camp. 

115. Bed paiut 

116. Coin. 

Reiu.be. — The name of the grave vtm attached to the article when 
exhumed, and the place described when it was found on the surface. 



ICCWHI OV THE BUBIiL 01* AS IITDIAK SQUAW, BAV BEBITARDIVO COCNTI, 

oiiirOBiriA, HA¥, mi. 

By W. U. Kino. 

The body, cleanly washed, was dressed in its best clothing. Outside 
of the clothing, and confiniDg it to the body, was a bandage, apparently 
a sheet, torn in half. The feet were corered and bonnd together, the arms 
confined to the side, and the foce covered by a bandage. The body 
tbns prepared was laid npon the groond, while the men of the party dag 
the grave. While tbe grave was being dag, an q|d squaw danced slowly 
once round the body, ^nging in a wailing tone, then seated herself at 
itshead, and continnedber singing and wailing, sometimes breaking oflF 
and addressing tbe corpse, at tjie same time patting its head witb her 
band. The grave being completed, the body was lowered into it, its head 
toward tbe south. The personal effects of the deceased were placed be- 
side her. These consisted of a handle of bed-clothing, several small 
bundles of calico, various tin cups and pans, a table-knife and spoon, a 
frying-pan, and, lastly, a small quantity of live aehea was thrown ia 
and the grave filled up. A fire was tiien lighted on top of tike grave, 
tbe squaw who acted as chief mourner gathering the sticks. She also 
threw on the pile a number c^ platter-shaped dishes or baskets of plaited 
grass, which were burned. When the fire had burned itself out, the 
squaw above mentioned advanced and broke an oga, or water-cooler, 
on the grave, by violently dashing it on tlie ground. Tbe party then 
dispersed. 

A day or two afterward the house in which the woman died was pur- 
posely burned. The dishes and oya that were destroyed showed signs 
of long use, but were still perfectly serviceable. During the burial, no 
signs of emotion were shown by any of tbe par^, either men or women, 
except by the sqaaw alluded to. ' 
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ANClEJfT HOUNDS OF HEBCfiB COUXTT. ILLINOIS. 

By TnxK UoWhortbr, of Auedo, III. 

It may be approximately estimated tliat there are more tlian a tboa- 
sand moauds io this coanty, yet persoos who have not directed their 
atteotioD U> the sabject would aot suppose half that number to exist. 
These monods are geoerally not such as to attract very special observa- 
tion, not being of the larger size, the principal groups are very mnch 
flattened down by time, and seem to relate to a more remote antiquity 
than such as are more conspicuoas. 

These moauds are all located in the portion of the connty bordering 
on the Mississippi Biver. This fact, ttiat the western mounds are univer- 
sally foand on lands a^oiuing the rivers, suggests the inference that 
the race who erected them procured their subsistence mainly from the 
water, or that the bottom-lands of tbe rivers constituted their principal 
bnnting-groauds. 

The largest group of mounds in this county is found in Bliza Town- 
ship (township 1!> north, range 5 west,) on high timbered laud, about a 
mile or so back of tbe Mississippi bluflb. In this group may be found 
over two hundred mounds within tbe distance of a mile. This group 
seems to be of great antiquity, and is quite flattened down by tbe ele- 
ments — only rising a few feet above the general level. Probably succes- 
sive forests have grown and passed away siuce they were constructed. 
Only a few have been opened, and these revealed only beds of ashes 
and a few stones. But what seems strange, traces of ashes are often 
found mixed with the eartb of which the mounds are composed. 

lu tbe immediate vicinity are also found obscure lines of old embank- 
ments that seem to relate to the same age as the monuds. 

On the bottom-lands of the Mississippi, not far from tbe foot of the 
bluff, in the same township, are found a few mounds of a very distinct 
character. They rise up with quite an abrupt elevation, and are 'mani- 
festly of a much more recent date. Presumiug that the more ancient 
mounds, in tbe high timbered lands, at some former time hod the same 
abrupt elevation as these, it manifestly must have required many years 
to reduce them by atmospheric action to their preseut flattened condi- 
tion. From this apparent difference in the antiquity of the mounds, it is 
evident that the race or races who erected them continued to inhabit 
this country for a considerable lengtb of time. Id these more recent 
mounds human bones have been found with tbe nsual accompaniment of 
ashes and stones. Also, in one of tbem a stick of wood was found, 
about eight inches in diameter, in a horizontal situation, a little to one 
Bide of the center of the mound; it was in quite a sound condition. 

As no depressions of ground are ever fonnd in the immediate vicinity 
of mounds, it is often difficult to coiyecture where the earth was ob- 
tained of which they were coustmcted; but there is a circumstance 
in connection with the more recent mounds that seems to have a bearing 
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on tbja qiiestioD. There is a considerable «pace of ground, nearly two 
hundred yards distant, where it Beems manifest that the upper stratum 
of the surface soil has tieen carried away. A uniform upper stratum 
of Boil is common to a large extent in this bottom-land, bat in this one 
spot this layer ia gone. It seems, therefore, probable that the earth of 
which these moanda were constructed was all carried from this place. 
An approximate estimate of the cobical qnantity of the soperficial earth 
removed from this depression, corresponds closely to what seems to 
have been the original quantity in the recent monnds. It is difficnlt to 
understand what motive could induce human beings to impose on them- 
selves such a task as to carry such an amount of earth two hundred 
yards. But if the amount of material necessary to erect these mounds 
had been taken from any immediate piece of ground on this aniform sur- 
face, some depressions would have remained as evidence of it. But at 
the distance of two hnndred yards we find this depression, which is 
nearly as hard to account for by any natural process as it would be to 
explain the mounds themselves by natural agencies. 

There is another quite extensive range of mounds iu the same town- 
ship, on grounds bordering a stream of water called Eliza Creek. So 
far as I have observed, this group seems to relate to a very ancient 
period of time. Few of the mounds, to my knowledge, have been opened. 
I am told that traces of ashes have been found in them, and, in some 
of them, human rem.iin8 iu a.much decayed condition. 

Another very extensive range of mounds is located in the township 
of New Boston, which is the nest township south of Eliza. These are on 
the south side of the Edwards River, where this stream winds its coarse 
across the higher bottom-lands of the Mississippi. The ground of these 
mounds has been under cultivation for many years, hence but obscore 
traces of them now remain. Their location was on the open prairie, 
about a half-mile from the timher-gronads bordering the Edwards. 

Broken pottery, pipes, and some implements were found by early 
settlers in the vicinity of these structures; but I have been unable to 
learn with certainty whether these were disinterred from the mounds 
themselves. 

There is, however, one circumstance in connection with this group 
of earthworks that should not be passed unnoticed. Between them 
and the Edwards is a long range of depressions In the groand. This 
range of depressions runs nearly parallel to the range of mounds, and 
is about forty rods distant. The size of these hollows seems to cor- 
respond very nearly with the size of the adjacent mounds. The con- 
jecture seems unavoidable that from each of these depressions sufficient 
earth was carried to construct a single mound. These excavations 
Lave no raised borders to indicate that the earth was merely thrown 
out; they indicate that so much earth has been really taken away; and, 
further, I learn that the number of these depressions corresponds qnit« 
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nearly witb tbe number of the adjacent mounds, being about one hun- 
dred and fifty. 

Another considerable group of monnds 13 lociited in the same town- 
ship of iSiiw Boston, several miles farther up the Edwards, on high 
temice-grouud, about a half-mile from the stream. This group was 
entirely away ftom timber, the situation being formerly covered with 
grass. For many years the rntliless plow has been leveling down these 
ancieut memorials, and fields of grain have long waved over the ashett 
of a by-gone race. 

On the south side of Pope Creek, near where the valley of this stream 
cuts tbrougli tbe MissiBsippiBlnETSiisquiteaQextensivegronpof mounds. 
3ome of tbem are high up on the brow of the bluffs. Nothing that I 
can learn distinguishes this group from others already spoken of. 
Human bones have been found in some of them. 

The next, and last, group of monnds to which we would call attention 
is about twelve miles from tbe Mississippi River, being the most remote 
from that river of any gronp in the conotry. It is situated near 
the north side of the township of Millersbnrgb, on the high-timbered 
division between the Ed wards River and Camp Creek. Asbes and some 
much-decayed relics of hnman skeletons have been found iu the few 
that have been opened. Some traces of ashes were found in the earth 
above the human remains. 

I have made diligent inquiry of all the oldest settlers, and am unable 
to learn that any mounds are to be found in tbe eastern portion of the 
county, except that two or three isolated ones, which are reported to be 
far up the Edwards. These I have uever seen. 

SHBLL-nBAPS. — Before closing this, paper, it may be proper to state 
that formerly very large sbell-hcaps existed 00 the high, sandy bank of 
the Mississippi, immediately below JSew Boston. But it seems more 
probable that these heaps of kit«hen-refuse relate to tbe subsequent 
Indian Tac«, and not to the mound-builders. Though these sbell-heaps 
are in a considerable state of decay, enough remains of them to show that 
tbe shells belong to tbe present species of our rivers. Broken pottery is 
found about these heaps, and collections of burned stones, indicating old 
camp-fires; also, abundance of llint-cbips, and Bome broken arrows, are 
found here, to indicate that Hint-implements have been manufactured. 
A careful inspection of these fiint-cbips leads to the conclusion that tbe 
flint of which these implements were made was obtained from what is 
called the " cbert-bands" of the Burlington limestone. This formation 
crops ont along the Mississippi, about forty miles below tbis place. 
Probably the material for tbe manufacture of these implements was 
brought np the river in canoes. 
23 s 
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ANTIQUITIES OF WHITESIDE CODNTI, ILLINOIS. 

By W, H. PRAIT, OP Davbnpoiit, Iowa. 

CorreepoaJing Secrelarg Davenport Academy Natural Sdmcea, Davenporl, /oiro. 

Oil tlie eastern bank of tbe Mississippi Hiver, id Whiteside County, 
Illinois, is situated the village of Albauy. Over the bluffs^ iu tbe ueigh- 
borhoml is a growtb of young oalt trees, tbe largest of wbiuh are ten or 
twelve indies in diameter. On tbe bluff and tbe slo|>e toward tbe river, 
about a mile south or south (rest of the village, scattered irregularly over 
au area of about one-fourtb by three-fourths of a mile, are fifty -one an- 
cient mounds, the positions and dimensions of whieh I have approxi- 
mately determined, having spent several days in August of this year, 
1873, in the exploration in the interest of the Davenport Academy of 
Natural Sciences. 

A general view of the whole is represented in the accompanying plan, 
(llg. 1.) 

The land is owned by Mr. Samuel Rosenkrauz, of Albany, who kindly 
allows the exploration and excavationof tbe mounds without restriction, 
except the reservation of a few of the most prominent. A few other 
mounds are said to exist not far distant to the northeast, but I have not 
seen them. It is also stated that two or three were removed some yeai-s 
since in making tbe grade of tbe Western Union Itailroad, which passes 
close by the mounds, between them and the river. Over tbe area above 
mentioned ihe young timber has been mostly cut oflf, and on the higher 
portions evidently very few trees have ever existed. The soil is almost 
entirely sand. Tbe high land or bluff terminates abruptly to tbe south- 
ward in a bold, narrow point. 

A position on one of the highest mounds, some of which are situated 
on this point, commands one of the broadest views to be found in tbe 
whole Mississippi Valley, with a sweep of more than half a cirele, in- 
cluding the river and valley, and islands to the north and west and south- 
west; and to the south and southeast the " Dosia," as it is commonly 
called, or " Maredosia Slough," or, us it was originally named, the ". J/a- 
rais ^Og4e,^ an ancient channel of many miles in extent, connecting the 
Bock Kiver with tbe Mississippi. In this the current Hows in either 
direction from the higher toward tbe lower of tbe two rivers at different 
times. The " slough" is a broad marsh, nearly dry during a dry season, 
and is bebeved to have been once the channel of a part of the Missis- 
sippi, which divided at this point, and re-united at the present mouth of 
Kock River, forty miles below. The location is one of rare beauty, and 
has doubtless been for ages, as it is now, a favorite resort of hunters. 
The high point above mentioned is a narrow and rather abrupt sand- 
ridge, formed doubtless by the action of the current when the Father 
of Waters occupied the entire breadth of tbe valley. 

There is nothing in the relative position of the tumuli, as will be 
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readily seen by refereoce to the diagram, to iodicato any arrangement 
or design n'hatever, except to constract tbem vbere it could be done 
with least labor, by taking advantage of tbe ridges and sligbt elevations 
of loose and sandy aoil. Tbe BtrncturOH vary in lieigbt from two to 
twelve feet, tbe diameter being five or six times tbe beigbt. Tbey are 
nsually circular, only four or five beiug elliptical, the li^ngth of these about 
double tbe breadth, and the looger diameter beJag parallel with the 
river. The outline of surface is such as would naturally result from a 
rounded heap of sand or loose earth exposed for ages to tbe action of 
tbe elements, tbe surface being protected by such grasses, plants, bushes, 
or trees as the soil would produce. The exact height and diameter are 
consequently difficnlt to determine, but it woald appear that they had 
originally been from four to fifteen feet in height and i>erhap8 four 
times those measures iu diameter. 

All of the largest monads and several of the smaller are npou tbe 
high ground, fh>m one hundred and twenty to one hundred and 
fifty feet above tbe river. The rest are on the slope between it and 
the river. I selected for examination one of several similar mounds, 
which were situated in a row parallel with tbe river, and but a few rods 
northwest of tbe sandy ridge, at some fifty feet lower level, and on 
'ground sloping gently toward the Mississippi, wbicb is distant abont 
one-fourtb of a mile. This mound is marked 1 on tbe plan. It was about 
four feet high and tweuty-five in diameter. On the top was tbe stump 
of an oak tree, five inches iu diameter. This mound is composed, as are 
the most of those which have been opened, of a loose fine sand, with 
here and there a stone of two or three pounds' weight or more, of tbe 
Niagara limestone and the saudstooe common in this region, many of 
tbem evidently having been subjected to the action of fire before they 
were placed there. No floor, wall, or internal structure of any kiud was 
found, aud the same is the case in almost all instances in this district- 
Making an excavation from one side and toward tbe n^iddle, on reach, 
ing a depth of six feet from tbe top, a quantity of human bones was 
discovered lying about, in tbe center of tbe mound. Seven adult and 
one child's skulls were exhumed, the latter falling in pieces as soon as it 
was removed. The adnlt skulls were more or less crushed and distorted, 
and some portions entirely decayed; two of tbem, however, were secured 
in tolerably good condition, one containing thirty-two sound teeth, the 
other wanting but two or three. Many teeth were found with fragments 
of decayed jaw-bones, and it is very evident that, whatever the troubles 
and trials to which their possessors were subject, that plague of modem 
times, the tooth-ache, was one from which they were pretty much 
exempt. 

The crania have apparently been subjected in life to no artificial din- 
tortion nor£ompression,escept, possibly, some fiattening of the ocvipital 
region, such as is said to be produced by the position and manner in 
which some tribes confine the infant to'a cradle-board. This seems the 
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more probable, as it is observed that the children's skulls foand here 
exiiibit the same peculiarity ia a more marked degree ; the adults having 
probably partially outgrowu its effect. The heavy, superciliary ridge, 
retreattug forehead, and protruding and very wide jaws, atid great bi- 
mastoidal diameter, as compared with the bi-parietal, are indicative of 
physical rather tbaD of mental or moral capacity. 

The accompanying description, with table of measurements by Dr. 
Farqnbarson, will abandantly show sach prevailing peculiarities as 
fully identify them as skulls of genuine " monnd-builders." 

As portions of all parts of the skeleton are fonni^, it wonld appear 
that the whole of each has been deposited there, though thrown in 
rather " promiscuously." The heads were nearly all lying in the same 
direction, southward, in some cases in contact with each other, and the 
other parts so intermingled and decomposed as to make it impossible to 
trace any one skeleton, or to determine to which one an individual bone 
belonged. Many of the small bones and the softer portions of the 
larger ones are entirely gone. The best-preserved skeleton, !Xo. 3, was 
lying stretched out in a horizontal position, with the face upward, and 
was a few inches above the rest, and, of those which were piled in 
together, one was lying on its right side. 

The sand below, above, and around the bones presents the same uni- 
form appearance, from a yellowisb-gray to a reddish-brown color, except 
that that immediately about them is usually a little darker ; and occa- 
sional irregular and aneven streaks of rather darker sand are found, 
as if some loads or parcels of the earth of which thfe heap is formed had 
been partly of a dirtier surface-soil, and had been thrown scattering 
over the surface and then covered with cleaner sand. A few of the most 
southern mounds,where the earth is gravelly,are composed of sand and 
gravel, showing that, as in the other cases, they are built of the mate- 
rial nearest at hand. 

It would appear that the process of interment had been a very sim- 
ple one, viz, selecting a spot where the earth was loose, sandy, and 
easily removed ; scraping away the earth to the depth of a foot or two, 
then carelessly depositing a few bodies, or rather perhaps a few skele> 
tons, collected possibly from elevated scaffolds, trees, or other positions 
where the bodies had been previously placed; then replacin^^ the sand 
which had been removed, and adding enough from the surrounding sur- 
&ce to raise a heap of such dimensions as the inclination to man oat 
labor and the respect for the deceased would prompt. The position of 
the skeletons is a pretty certain indication- that the bodies were not in- 
terred one at a time, as that coold not have been done without in each 
instance entirely uncovering those previously buried, the skulls being 
in some cases in contact with each other. 

In this mound no relics, such as weapons or implements, were found, 
except a very small fragment of pottery in the earth, about a foot from 
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the surface, and ao arrotr-head of very peculinr form, wliicb was lying 
amongtlie lioites. 

Fig. 2. 




Ib November, eeveral members of tbe academy visited the locality 
for the purpose of further exploration. On this occasioa three more 
mouudtt were opened under the direction of Mr. A, 8. Tiffany, who spent 
the previous day in making preparatory excavations, so that considera> 
bio search could be made iu a few hours. He opened the mounds 
mnrked 2, 3, and 1 on the plan. iSoa. 2 and 3 vere similar in all respects 
to No. 1. 

In No. 2 nothing was found except ft few bones, the remains probably 
of only two or three bodies, very much decomposed, and a few teeth, of 
which only tbe crown remaiocd. Ii> No. 3, at the depth of six feet from 
the surface, were found the skeletons of four adults, lying stretched out, 
face upward, two with heads toward tlie east and two toward tbe west. 
The four occupied a spaceof about four feet in width. Two children had 
also been buried there, perhaps at a later date, but their position coald 
not bo well ascertained. One of the skulls (skull No. 5} from this mound 
vas obtaiued in a very perfect condition, except that most of tbe teeth 
are wanting. In this mound were discovered, lying immediately above 
the skeletons, several relies of considerable interest, viz, a plate of mica, 
about three by four ioches and one-eighth of an inch thick, with several 
notches in tbe edges; a small lumpof galena, surface much carbonized, 
and the corners worn, apparently by handling; a dove-colored flint 
arrow-head, very finely wrouglit, sharp, and smooth, (No. 2 ;) several 
flakes of wbito flint; and a strangely-formed bone implement, cbarm, 
nasal ornament, or whatever it may have been, (No. 3.) It is a frag- 
mi-nt of a marrow bone, four and a half inches long, and one and a 
quarter wide at the middle, tapering nearly to a point at the ends, one 
of wliich is more pointed than tbe other, and much curved edgewise. 
€losc to tbe edge, at tbe convex side, at the widest part of the bone, 
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are four boles, about one-eigUth of an inth in diameter, but differing 
sUgbtlj. They have tUe appearance of having been drilled with a tool 
Dot macb, if at all, tapering io form, and with a square cutting-edge, 
which was not worlced entirely through, as there remains in each hole, 
on the inner side, a little edge which is not quite cut away. Across the 
bone, near the larger end, are two rows of holes — five and six iu a row — 
one-tenth of an inch or less iu depth, drilled with some rouud-poiuted 
instrument. One curved line is cut across, as shown iu tlie titrure. 
The article seems much worn by handling. What was its use, we can 
scarcely conjecture ; and some Indians (Sacs aud Foxes] to whom it has 
been shown, can give no clue. 

The mound numbered 5 on the plan is lilte the others in material and 
structure, except that it is much larger, being about sixty feet long, 
thirty feet wide, and seven feet high. In this mound an excavation 
was made in the middle, only about five feet Bqnare, wbicb we hope to 
work out more thoroughly at Another time. 

About two feet below the surface was found a mnch-decayed frag- 
ment of the "shin-bone" of some mammal, possibly the bison; and a 
little deeper, two fragments of pottery, parts, apparently, of ihe same 
vessel, aud bearing impressions on the outer surface of some kind of 
woven or matted tabric At the depth of nine feet was discovered a 
largo and remarkably well-preserved skeleton, almost entire, wauling 
only a few of the very small bones, Augers, and toes, and the more per- 
ishable portions of a few of the larger ones. 

The skull (No. 6) is in tolerably good condition, and contains the en- 
tire set of sound teeth. The pelvis was obtained almost perfect, which 
was the case in no other instance. This skeleton, also, was lying at 
full length, with the face upward and head to the east, in the direction 
of the transverse diameter of the mound. 

Immediately sonth of this was another skeleton, and over these some 
others, all in a less perfect state of preservation than the one Brst men- 
tioned, and the bones somewhat intermingled with it and each other. 
One was that of a child of ten or twelve years. Close to the skeletons, 
and immediately north of the first named, were a numl)er of stones 
lying, whether by acci<tent or design, in a very irregular row, probably 
accidental. Among the human bones was a piece of the lower jaw of 
tbe deer or elk, containing four molars, all well preserved. 

So far as our observations go no metallic articles of any kind are 
fonnd there, though it is reported that some years since a copper knife 
was taken from one of the mounds. 

Many of the mounds have been opened and partially explored by cit- 
izens and visitors in search of curiosities, aud of late such visits are 
more frequent than ever. That these structures were merely burial- 
places aud nothing more, is evident from tbe fact that, ordinarily, there 
is iu them no ti-ace of floor or roof, and no charred wood or bones, or other 
indications of fire. 
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Some estimate of the originnl maximnm height of these tamuli may 
he formed from the observatiou that sandy earth, sach as that of which 
they are composed, will not remain iu position on a slope of more than 
40^ from the horizontal ; they could not, therefore, have been higher, 
eveD if raised to a point at the apex, than two-fiftbs of the width at the 
base ; and the very first rain or wind would reduce them coDsiderably. 
As they are now, they would probably remaio, with coutour unchanged 
by the action of the elements, for a thousand years to come. 

In one of the largest mounds, ( W,) about twelve feet high, and stand- 
ing on the highest ground, opened some years since, was discovered on 
iuclosnre of " dry wall," some ten feet square, containing a number of 
skeletons supposed to have been buried in a sitting posture, with no in- 
dication of any covering or floor having ever been there, save the earth 
of which the whole mound was composed. A. portion of this wall, which 
still remained exposed, we carefully removed for examination, and 
found it to be built of the fossUiferous limestone common in tho neigh- 
borhood, brought probably from near the river-bank, a quarter of a mile 
distant and a hundred feet lower; laid up with tolerable evenness on the 
inner side. It was about three feet high, two feet thick at the top, and 
three feet at the base, piled np loosely, the lower stones broad and flat, 
rather heavier than one man could well carry, and lying on the clean, 
yellowish sand. Some of the stones had been burned red previously to 
being placed io i>osition. This inclosure was entirely at one side of the 
center of the mound, and oothing of interest was found in the other 
part. 

This region has long been occupied by the tribe of Indians known as 
the Sacs and Foxes, who came firom the region of the Saint Lawrence 
over two hundred years ago, and remained until about the period of the 
Black Hawk war, about 1832. 

George L. Davenport, esq., of this city, who was bom on the island 
of Bock Island, in 1817, and was the first white child bom in this sec- 
tion of the country, and who has been intimately- acquainted with the 
Indians for over fifty years, and speaks their language, informs us that 
the natives positively had no knowledge of these structares, and paid no 
attention whatever to them. They bad a village or town in the imme- 
diate neighborhood of the mounds, though their principal town was 
near the site of the present city of Bock Island. 

It is, therefore, certain that the mounds presented much the same 
appearance many years ago as now, and that these Indians neither con- 
strocted nor used them. 

No evidences of " intrnsire burials" have, in any instance, been dis- 
covered, and without doubt the mounds have been as at present, and en- 
tirely undisturbed, for manycontnries,unti) opened by recent explorers. 
We inclose herewith a diagram of the group of mounds, also drawings 
of the relics exhumed, and a series of photographs of all the well-pre- 
served crania. 
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We also have the pleasure of preneuting an exhaustive report npon 
the crania, by Dr. R. J. Farqabarson, a member of the Davenport Acad- 
emy of Natural Sciences, including measarements, aualfses, and care- 
ful comparisou with skulls of other races of men, and with other well- 
autbenticated mouod-builders' skulls. 

We also inclose Mr. A. 8. Tiffany's description of the locality, on Bock 
IslaodiWhere he discovered the skull which is represented by photograph 
No. 8. 



A 8TFDI or SKULLS AND LOSG BONES FKOM HOUNDS NBAB ALBAKI, UL. 

By R. J. FARQtmutsoN, M. D., of Davknpoht, Iowa. 

This lot of bones was obtained from mounds near Albany, Dl.,by the 
Davenport Academy of Sciences. Tbo topography, &&, of these 
mounds is given in the preceding paper by Mr. Pratt, who conducted 
the explorations. 

In the first place, an attempt was made by a rude analysis to arrive 
at the probable age of these bones. A small part of the middle i>or- 
tion of one of the long bones was incinerated, with the following re- 
sult: Weight before incineration, thirty-eight grains; afterward, thirty 
grains ; loss, eight grains ; equal to 20 per cent. 

• Mineral matter. Auimat mutter. 

Fresh bone, (dry,) Berzelius 67 33 

Mound-builder's bone 79 21 

12 13 

Now, as the lightness, or diminished specific gravity of these bones, 
precludes the idea of an increase of tbe mineral matter, and also as we 
know that, in certain conditions of soil, an actual toss of mineral matter 
takes place, we may safely infer that a considerable loss of animal mat- 
ter has here taken place; a loss even greater than what the above fig- 
ures would seem toindicate. 

But', unfortunately, these data will not afford even an approximate 
estimate as to the time since these bones were buried. 

"In an oldBoman frontal bone dug up from Pompeii, Dr. Davy found 
35.5 animal parts, and 64.5 earthy ; and in tbe tooth of the mammoth 
30.5 animal, and 69.5 earthy." (Todd and Bowman's Anatomy, vol. 1, p. 
105.) 

Orflla, in his Exhumations Juridiqnes, (voL 1, p. 360,) states that bones 
buried in the cemetery of the Innocents, Paris, over six hundred years, 
yielded, in analysis, 27 per cent, of gelatin and 10 |>er cent, of fat ; while 
fresh ones yielded only 30 per cent, of gelatin, showing only a slight 
alteration. On the other hand, bones exhumed from tbe churvh-yard of 
Ste. Genevifeve, Paris, after a burial of over seven hundred years, 
showed marked alteration, which he describes aa follows : Very brittle, 
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of a purplish color ; remarkable both for the absence of nnimftl matter 
and l'i>r the presence of the acid phosphate of lime. Unfortuuately, uo 
aiial.vsii4of these chaoged bones is given. 

Table No. 1. — Tbe plan of this table is taken from Foster's work on 
the pixiliistoric races of the United States, and the letters at the heads 
of tbe columns refer to the same nieaaurements. Four other columns are, 
however, abided, tbe first Riving the capacities iu cubic inches; an im- 
portant [H>iut omitted by Foster, probably from tbe fragmentiiry uature 
of tbe skulls iu bis posset^siou. The second and third added columns 
give tile distance of tbe occipital protuberance from tbe posterior mar- 
gin of the foramen magnvm and tbe ratio of this distance to tbe long 
diameterof the skull. Tbisisan important eharaeteristicof the mound- 
builder i-uce, according to Dr. Wyman. 

Tbe fourth aud last column gives tbe major and minor axes of the 
foramen magnum iu millimeters. 

Tadle No. 1. 
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Table No. 2, — In this table an attempt is made (hy means of another 
table of tbe comparative lengths of the various long bones in a series 
of skeletons, given in OrQIa's Exhumations JaridiqnosJ to arrive at 
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some idea of tlie stature of the monDd-builders, but tbe conclnsioiis are 
very imperfect, pprhaps necessarily so, Eiioiigb was learued, however, 
to sufely warraut tbe coDcIusion tbut none of the bones exiimiDed be- 
louged to no iadividual much, if auy, higher than six feet, thus doiug 
away with tbe assumption, made by some persoua at the time of the 
exhamatioD, tbat some of tbe tuonDd-buildera were giants. 
Table No. S.— Stature etlimal^ from lenglh of bona. 
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Tbe skulls aud long bones of the modern Indians used in the com- 
parative measurements in these tables, were those of male Sioux Indi- 
ans from Minnesota, who died in this vicinity, while in captivity on ac- 
count of their complicity with the massacre in that State, so that there 
can be no doubt of their identity. 

It only remains to remark, in conclnsloD, that an unusual number of 
perfect sets of teeth were found in tbe mounds exaniiued. These teeth 
are invariably without any signs of decay, of almost flinty hardness, 
and very much worn away, apparently from the attrition of very hard 
particles in the food, probably tbe siliceous outer coats of some kind of 
grain or seeds. 



THE SHSLl-BED BKITLL. 

Bs A, S. TiFFSNY, OF Davenport, Iowa. 
On tbe Bock Island arsenal-grouuds, near tbe western extremity of 
the island, there bad been an excavation about three hundred feet long 
and ei^ht feet deep. At a depth of three leet from the top there was a 
deposit of shells, mostly wnios, bat including melantho subsolida, and 
two or more species of helix. This shell-bed at this exposure varies 
fh>m six to sizt«ea inches thick. 
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Id tbiB deposit tlie sIcdII and bones belonging to one individual were 
fouod; all the covering was an aqueoos sediment. Deposited with 
and above tbe sfaells are lime, gravel, and sand, the material becoming 
finer toward the top, the last foot being fine allovinm and vegetable- 
mold. The sedimentary liaea were perfect and anbroken, and tbe ex- 
cavatioQ had made the means of observation all that coald be desired. 

It was visited by many members of oar academy, and by Prof. 
Alexander Winchell, while some of the bones were in place ; and all 
agree that the covering to this pre-historic man was pnt on by sedimen- 
tary deposit. 

Accnrate levelings prove the top of this deposit to be eighteen feet 
above the highest water known since Fort Armstrong was established 
on the island. 



AKTIQVITlEg or NOBTHEBN OHIO. 

Bt Gko. W. Enx, M. D., or Asbland, Ohio. 
In tbe spring of 1872, Mr. S. W. Briggs, a farmer of Snllivan Town- 
ship, Ashland Connty, while plowing ati old "cat-swamp" or sloagh, 
came upon a bed or nest of Indian flint-implements about eighteen inches 
beneath the snr^e. His attenUou was arrested by a grating sound be- 
neath the plow, and on examination found two or three peculiarly-shaped 
arrow-heads or flint cutting-points. Hastening to his honse, he pro- 
cured a shovel and mattock, and proceeded to onearth the deposit. On 
carefully removing the SHrrounding soil — rich black mold — he found a 
keg-like vessel of red-elm ( Ulmut n^ra) bark, aboat tbree-fonrths of an 
inch in thickness, some ten or twelve in diameter, and about thirteen 
in height The vessel was a section of the bark, which bad beeu removed 
from the tree by cutting or notching around tbe body and then peeling it 
off. It would bold something over one peck. It was in a tolerable state 
of preservation. It contained two hundred and one flint-implements, 
neatly and sym^metricalty finished, and a number of fragments which 
had not been dressed. The bottom of tbe nest was about two feet 
below the surface. About four feet sooth of the vessel bis plow struck ' 
a forked oak-st-ake, tbe double end being deep in the mold, and also 
another stake, of the same timber, about four feet east of the deposit, 
driven deeply into the loam. Tbe lower ends of the stakes were over 
three feet deep, the parts above tbe water and ground having decayed 
were wanting. In digging down, the forks were found to be beneath 
the surface soil and quite sound. There was also a streak of yellow sand 
about ten inches wide, two or three deep, and eight or ten feet long, run- 
ning in a northeastern direction from the deposit, which could have 
beeu plainly seen when the water stood over the slough. This sand is 
found on the banks of Black Biver, about one and a half miles distant. 
Ihe slongh was drained some ten years since, and has been onoe or 
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twice saperficially plowed. Tbe aaad-streak was evidently pnt there to 
mark the precise point of the deposit. 

Sixty years ago, when the first of tbo pioneers began to settle in the 
central parts of Ashland Oonnty, tbe northern section was a favorite 
resort of the Delawares and Wyandots aa a hnnting-groand. About 
twenty-five rods sontbwest of the sloagh are the remains of an Indian 
village or cam ping-ground. Floors of broken bowlders and large peb- 
bles were made by driving the pieces into the groand antil a smooth 
surface was obtained. Ahout one hundred rods in a northeastern 
direction from tbe deposit is another "oat-swamp " or slongh, somewhat 
smaller than the first, which will probably, opon ezamioation, be fouud 
to contain other deposits. A few rods east of this were also found two 
stoue floors, constructed of the same materials and in the same manner 
as the other. They were twelve or flfteea feet in circuit each, and 
had to be dag np before the ground could be plowed. Abont oue mile 
sontheast of this ancient village was a salt-spring, which was a common 
resort for the Indians and wild animala Many relics have been dag 
and plowed np in its vicinity, among which was a large pair of elk- 
horns. Above this, on the flat, near the bead branch of Black Biver, 
were several extensive beaver-dams. They were visible for many years 
after the settlement of that region. 

In 1755-^56, James Smith, when a captive among the Wyandots and 
Delawares, on his way to the Canesadooharie, in company with his 
adopted brother, Tontileiiugo, passed this locality. He had traversed 
tbe Jerome Fork of Mohican to, its source, about three miles from the 
head of the Canesadooharie, or Black Biver, and over tbe portage or 
divide between the streams running south to the Gulf of Mexico and 
north to Lake Erie. At that time there was a large Wyandot village 
near the falls, not a great distance from the present site of Elyria, in 
Lorain Ooauty. The Black Biver and its sources long furnished a hunt- 
ing-resort for the Ohio tribes, and tbe locality wbere these implements 
were found was often a great encampment for the Indians. 

There is a striking resemblance to each other in tbe implements 
found by Mr. Briggs. They are generally leaf or pear shaped. They 
, are about three-eighths of an inch in thickuess. The width of the largest 
is two and three-quarter inches, and its length three and oue-qnarter 
inches. The next largest is two and one-quarter inches wide, and four 
inches long, running to a sharp point. They are all qnite sharp around 
the edge, and neatly and symmetrically chipped, and would answer for 
cntting-tools. 

It is diflScult to determine their use. They certainly were not used as 
arrow-heads,' being destitute of nicks to attach them to the shaft. They 
are too small for agricultural instruments.' They could not be ased for 
preparing dug-out canoes, beiug sharp around their edges, and too fragile. 
They may have been used for skinning and cutting the flesh of animals. 
Possibly they were used in dressing deer-skins. The entire lot was new, 
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and looked as if Uiey bad been fiaished jnst prior to the deposit. So 
I'itr aa my observatioo extends, no Siuts of similar ctiaracter hare been 
found 00 tbe surface in tliis part of Ohio. 

The material out of wbtub these instrameots were constructed is 
found in abundance about eighty miles south of the Black Biver, and 
is knotrn as the " Flint lEidge." in Licking County, aud consists, after 
exposure, of a reddish, mottled dint, and, when fresh from the quarry, 
of a bluish, or uearly hlack, color. The reddish tint may have origi- 
nated from their burial beneath the bog or [nar&h water. When a boy, 
some thirty-five years siuce, I resided a short distance south of tbe maJa 
ridge, in Licking County. On the farm where I lived there had evi- 
dently been large numbers of arrow-beads manufafttured, judging from 
the piles of fragments, broken arrows, and pieces of lances found on the 
surface. Many of these were composed of a bluish limestone, found in 
and north of tbe ridge, where numerous pits yet remaiu. When first 
quarried, the stone splits easily, and is soft, but, on exposure to the air 
and sun, changes color, and becomes extremely hard. There is also a 
dint, orbornstoue, found on or near the surface in that locality, which 
is of a dark color, sometimes streaked or mottled with white, from which 
large numbers of arrows have been manufactured, aud are found scat- 
tered all over Ohio. 

These implements were probably made by the eariier Indians of 
Ohio. It is Dot uulikely that they were carried there for immediate 
use. Their form, sharpness of fracture, and shape are so symmetrical 
and complete, that we are led to conclude they are fiuishe<1. if they had 
been intended for further manipulation, their fiuish would have been 
less perfect. When Smith was ou this stream in 1755, bark canoes 
were exclusively used by the Wyandots and Delawares. 

Some of the spear-heads are very rare. Five were picked up near 
Ashland. I call them spear-heads, though it is uncertain for what pur- 
poae they were used. They are generally well finished, and have been 
.nsed. Some of them are of an unknown flint. I have never seen the 
blueishkiud in the " Flint Itidge" material. The first is intensely black; 
the second, of a brownish black ; tbe third, ou l)eing fractured, preseuts 
a blue color; the fourth is a diab, or sort of dirty white, and is very . 
delicate in structure, and extremely sharp; tbe fifth, ou being fractured, 
exhibits a blue color, and is peculiar in shape. 

A singular instrument was picked up by Mr. Briggs in the neighbor- 
hood of the nest of fiint-implements. It is made out of a sort of green- 
ish-gray stone, variegated. It possesses a high {lolish, and the material 
is quite hard. A hole in the center is neatly drilled. It may have been 
suspended from the neck as an ornament. 
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THE AGE OF STONE, kHO THE TROfilODITES OF BBECKINRIDGE COrNTT, 
KEXTVCKI. 

By B. S. Eobkrtbos, op Fort Wayne, Ind, 

The remains of tbe stODe-age are abuudant od both skies of the Ohio 
Eiver, proving that its shores were occupie<l by a very large population 
long anterior to the advent of the whiles. 

My attcution having been attracted to reports of human remains found 
ill a cavern or rock-shelter near Hardiasbnrgh, Ky., I visited tlie locality 
May 12, 1874, but was not early enough to forestall the Tandallsm nearly 
always displayed when such remains are discovered, and by whicb many 
valuable relics are destroyed, or scattered and lost. Nearly everything 
of value to tbe ethnologist had been dug out and carelessly destroyed, 
and oat of tbirty or more human sketetous of all sizes, from infants to 
adults, exhumed, I was informed that ou!y ouo skull bad been preserved, 
but as that is in the possession of Prof. N. 9. Sbaler, State geologist of 
Kentucky, we may expect to bear something of its characteristics. 

Hardinsburgh, the county-seat of Breckinridge County, is eleven miles 
southea.st of Cloverport., and in a hilly, broken country. About a mile 
and a half northeast of the town is a range of high hills, at the base of 
which runs Hardin's Creek, now nearly dry. These hills are capi>ed by 
high limestoneledges, cut through in past ages by some powerful erosive 
agency, leaving the general course of the clifi'son an east and west line, 
but cut by lateral Assures and valleys. The rock has been so eroded as 
to leave overhanging shelters at several points, some of whicb are of 
considerable size. One, particularly, seems to have been occupied by 
man for a long i)eriod, and when it ceased to be used as a habitation, 
became the sepulchre of the remnant of its occupants, who were probably 
massacred and left in the ashes of their home, on the final extihctioD 
of their tribe. The cavern is oi)en toward the south, the overhanging 
roof protecting the space below from any exposure to the elements from 
above, while immense masses of fallen rock make a wall from ten lo twelve 
feet higb, directly in front, between whicb and the rear wall of the cav- 
ern tbe deposit containing human remains was found. This deposit 
consists almost entirely of wood-ashes, so dry that clouds of dust arose 
while working in them, and we sank nearly to the knees at every step. 
The deposit is about eight by fifteen feet superficial measure, and was 
about seven feet in depth. In it, without order, were found thirty 
or more human skeletons, nearly all with a fiat stone biid upon their 
heads. There were infants and adults promiscuously buried at various 
depths in the ashes, and at the bottom, on a layer of broken stones, some 
charred human remains were found. Tbe bones had been thrown out 
and broken, so that uoue remained worthy of preservation : but fiom a 
description of the skulls found, I should think they were of a marked 
dolicho'cepbalic type, with fiat, receding foreheads. 



,.,iz...,CoogIc 



368 ETHNOLOGY. 

MJDgled with these remains many dint and other stone implem«Dts 
aod weapons were fouiul, with a few fragDients of rude pottery, such as 
is commonly met with all over the couutry. I could learu of do oroa- 
ments, except some shells of the common muscle, perforated for snsiten- 
sion. Two perforated stones, of the kind supposed to be weaving-shut- 
tles or thread-gauges, had been foaud, but carried away. 

The polished and drilled ornameutal stoues found frequently in other 
localities seemed to be entirely absent here, iodieatiug that these cave- 
dwellers had not advanced beyond the strictly useful arts. I found iu the 
ashes a number of arrow-beads, scrapers, and knives of dark flint, a stone 
hatchet, and a bnckhom handle for a poinard or kuife, siinilur to the 
handles of some modern buutiug-kuives. These were all found in the 
ashes which had not been disturbed. Quantities of flint-chippiogs lie 
around, and a stone, on the surface of which are fourteen small circular 
depressious, disposed in two nearly parallel rows. 

To the left of this large shelter, and under the continuation of the 
same roof, is another on a high shelf of rock, reached by climhiug oq the 
fallen rocks which form the frout wall. It is large, but does uot afford 
standing-room in more than half its area, but has been used, perhaps, as 
a sleeping-apartment, as the rocks by which yoo reach it are wora 
smooth. 

Immediately in front is a steep descent of about one hundred and 
fifty feet to a brook, now dry, and, at a corresponding elevation on the 
opposite side, is another high cliff, perpendicular on its oortberu and 
overhangiog on its southern face. Here many chippiogs of flint, some 
arrow-beads, and a flint knife were found, as if it had been used, also, 
either as a dwelling or workshop. It is not so large or so well shel- 
tered as the other. My guide informed me of several other rock-shelters 
and of some stone-walled graves iu the vicinity, which I had not time to 
visit. Although the flint used is easily worked, the articles found were 
all of rader workmanship than those found at many other places. 

In the road just outside of the town of Hardiusbargh I noticed a num- 
ber of characters and figures cut in the surface of the flat rocks here 
exposed ; some of them are partially obliterated by travel, but they 
still occupy a large space. As there are many smooth rock-surfa.;e8 
exposed in the vicinity, and none other exhibited these marks, I 
had no hesitation in considering them to be the work of man, and 
afterward learned that it was called " Indian Bock." The tau, Ti is fre- 
quently seen, while other marks are in the form of the Greek cross, 
with shorter arms above than t>elow. Others, and these the most 
numerous, were a combination of the latter with other lines, X Xj 
and some other characters I caouot now describe, having lost the draw- 
ing I made at the time. 

At Oloverport I spent some time on the river-hank searching for 
remains, and was rewanled by finding a number of flint weapons with 
many chips or flakes, and, on the boys of the neighborhood becoming 
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aware of the objects of search, they brought me large numbers, many 
of them of iuteresting slinpe and workmauahip. The bank here is a 
long, gravelly slope up from the water, above which are Buccesaive 
steps or lieoctaes of clay, boaoded by a perpendicular wall of clay. It 
is on the uppermost beach of day that nearly all the specimens, fin- 
ished and unfinished, and the ctaippings, are fouud. Those found below 
this point invariably appeared to have been washed down. 

The boys assured me that they coald take me to a point across on 
the Indiana shore where I conld get a wheelbarrow-load, bat as I had 
neither time nor wheelbarrow, I was forced to forego the proposed ^mt. 
1 have no doubt that thoDsands of specimens could be obtained by a 
visit to the landing-places on both sides of the river between Louisville 
and Evauaville. 

One specimen shown me, but which the owner refused to part with 
on account of some superstitious regard, considering it in the nature of 
a charm, was sixteen inches long and five broad, in shape nearly like a 
wiltow-leaf. It was a white, cherty limestone. I heard of a large stone 
pipe found two years ago, bat after an active search where last seen no 
trace coald be fouud of it. The children had been allowed to nse it for 
a plaything, and it had thus been lost. 

Returning to Louisville, during a stroll of i>erbaps a mile on the river- 
bank below the cement-works, and npon the same clay beocb, I found 
several complete and many broken specimens of worked flints, and 
this where many people pass and repass every day. 

On the whole, I conclude that the men of the stone-age who occupied 
the shores of the Ohio and dwelt in the caverns and rock-shelters of 
the interior, had not advanced to that stage of the arts which led men 
to give a beautiful fluish to their weapons and to carve and perforate 
stones for ornament or for badges of authority, like the prehistoric 
men of many other localities, bnt contented themselves with sncb im- 
plements and weapons as tee necessities of their wild life required, 
without spending mnch time in giving artistic toaches to their mana- 
factnred articles. 



AITTIIIIIITIBS OF ISLE BOYAIE, LAKE SVFEBIOB. 

By a. C, Davis, or Detroit, Mich, 

I send you three photographic views of a mass of copper found in 
clearing some ancient mine-pits on Isle Boyale, Lake Superior. The 
mass was found iu the bottom of a pit sixteen and a half feet deep, and 
was completely detached from the surroundiog rocks. All the wings 
have been beaten off by the ancient miner with his stone hammers — evi- 
dences of which can he seen all over its upper surface. The section it 
was taken from is 27, 66 north, range 35 west. The belt of rock iu 
which it was found is of a sedimentary character, highly metamoriihosed, 
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fironi ttrenty to forty feet wide, and for a distaoce of two and a bnlf 
miles has been completely worked over by the ancient miner. 1 have 
been mining for the last tweoty-flre years on Lake Superior, but I have 
never seen anything to compare with this locality for ancient work. 

I ain confident that, when this district is thoroughly mined, discov- 
eries will be made throwing more light than we now have on the char- 
acter of the i>eople who did this work. 

In the depresaiou in the outlying trap was found clean lake sand, 
and the rock thrown out of the pit first was thrown on the sand. There 
was no sign of vegetable mold between the rock and sand, but over all 
there was three and a half feet of made soil or decomposed vegetable 
batter. 

In the pit there are tons of stone and stODe-hammors, and a large 
qnautity of ashes and charcoal. 

In one I opened on a transverse vein on the same property, I foand 
the scales of white-fish. At this pit the ancient miner had nsed large 
granite bowlders to hold up the iiauging ground. These bowlders would 
weigh from 300 to 400 pounds, and were put in where the modern miner 
would place timber, to secure the ground. Kearly all the brands and tim- 
ber we found in the pita were roots and stumps. This, with the fact of 
tbeir using these large stones for timber, leads me to think that the an- 
cient miners bad used up all the timber in tbeir reach, and consequently 
conld not prosecute mining further. 

There is another peculiarity in tbe hammers fonud in these mines — I 
only tbuud one that was grooved, while on the south shore of the lake 
I never saw a stone-hammer that was not grooved. 



ANTIQriTIES OF lAKOO COVITTI, MISSISSIPPI. 

Bv J. W. C. Smith, ov Benton, Mies. 

There is a mound on the Tazoo Kiver, twenty miles below Satartia, 
worthy of note. It is situated at the foot of a tall bluff, and near the 
river. At the base it is, perhaps, one hundred and fifty or two hundred 
feet in diameter, fifty feet high, and fiat on top; some fifty or sixty feet 
across. It e\'ideutly is the burial-place of some noted chief, and must 
faatve required months to build it, and the nearness to a high bluff pre- 
cludes the idea of its having been built to escape frotai water. There 
are several smaller mounds in the neighborbooil. Perhaps some sci- 
entist at Vicksburgh will explore it for you on application. 

Near Carthage, iu Leake County, Mississippi, there is a small branch 
in which are many articles resembling petrified terrapin or tortoise 
beads; and where at one time was found here the genital organs of a 
man, also in stone. 
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AimitriTIES OF TEXHESBEE. 

By Dr. Damibl F. Wright, of Curk8vuj.b, Tkhk. 

Tbe locality in whicb the relics sent to the Smithsonian Institution 
have been collected, has been known as tbe "Inilian gruve-yard" as far 
back us any of the pi-esent inhabitants can remember, and has been 
more or less noticed according to the condition of tbe aupcrincumbent 
soil as affected by saccessive inaodations of the Cumberland. Tbna, for 
many years prior to tbe present dat«, the graves from which these relics 
have been taken have beeu bnried some eight or ten feet deep by the 
flavial deposit, and have been forgotten by tbe present genenUioa ; but 
since tbe inundation of last spring, throagh some change in tbe cnirent, 
tbe receding waters have produced a contrary effect, and washed tbe 
graves completely bare, leaving tbe skeletons only covered with the stooe^ 
filabt! placed over them at the time of burial. The location is about fifty- 
yards irom the left bank of the river, aud about three miles above Clarksr- 
ville. 

The following considerations will, I think, be deemed conclusive as^ 
evidences of its having been a permanent and rather populous settle- 
ment of some tribe : 

1st. The nature of the gravet. — These are elaborately constructed. It 
is impossible to say how deep they were at the time of excavation, on: 
account of the shifting character of the soil above described j. but every, 
grave has a slab of shale-stone at the bottom j upon this tbe body lies,, 
and additional slabs are placed at the head and feet, and on each side,. 
all rising to the same level, which is rather more than high enough to- 
cover tbe body. Finally, on the top of the iuclosnre so formed a large- 
horizontal slab is placed, completely covering the whole ^ the earth is- 
then thrown in, and the body thus left inclosed uot only in a well-pro- 
tected grave, but in a complete stone coffin. In one place (aud only oDe)< 
a peculiar arrangement of tbe graves is noticed. Five or six graves, 
are so placed together that all tbe beads are nearly in contact, while- 
the feet radiate outward so as to mark out the circumference of a cir- 
cle sometbing over twelve feet in diameler. On the whole, I suppose 
that more than forty skeletons, each iu its separate grave, have been, 
taken np since the last overflow. 

2d. The evidences of mana/aeturea hafntuoRx/ollowed. — Those are flint 
weapons aud implements and pottery. Where the greater part of tfae- 
flint-implements were found innumerable chips and flakes of flint were- 
also observed, such as are strock off in the manufacture of flint articles ; 
these are found in great abundance. In reference to the pottery, still 
stronger evidence of its being manufactnied on the spot was dis- 
covered. We found au excavation of a circular form about six or 
eight feet in diameter, and four or five feet deep, which had been 
loosely filled with sand that was easily lemoved ; and in shoveling it 
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oat, there were foand mixed witb It in great abundance fragments 
of pottery, a quantity of charcoal, msoy charred and half-burned 
pieces of bark which bad passed throngh several stages of comboa- 
tioD, some of them being in part entirely unalteAd by the Are; and, 
above all, several large lamps of unworked clay, partially hardened by 
lire. The neighbors inform me that this clay must hive been brought 
from a considernble distance, as none like it, and, indeed, no clay at all, 
is found within many miles of this place. In the specimens of pottery 
sent, I would call your attention to the peculiar markings on the con- 
cave surfaces of most of it. I at first supposed that these were made by 
some artificial process for decorative purposes, though it seemed strange 
to place decorations inside the objects; but a neighboring gentleman 
called my attention to the exact resemblance these markings bore to the 
corrngatioiis on beecb-bark, and I was led to the conclusion that the 
pottery bad been molded around an interior core constructed of beech- 
bark. I think there is no doubt but that the excavation I have de- 
scribed was an oven or kiln for bailing the pottery. 

3d. The presence of infant skeletons in great number, bnried witb 
the same elaboration in all its details as above described in tbe case of 
the adult sepulchre. Some fragments of cranial bones from these are in- 
closed in package ^o. 7. The undeveloped and imperfectly ossified con- 
dition of the infant cranium renders it improbable that entire infant- 
crania will be discovered j which is the more to be regretted as it would 
be interesting to observe the bones in the early stage of tbe flattening 
process, which seems to have been customary in this tribe. 

To sum up this part of my view, then : The elaborate and substantial 
character and large number of the graves, the evidences of arrange- 
ment for tbe manufacture of stone iinplements and pottery, and the 
X>re8enceofaconsiderablenumberof infant skeletons, all carefully buried, 
satisfy me that this bnriul-place wasao appendage to some permanently- 
occupied Indian village. 

But, when 1 There are some considerations which seem to throw ns 
back upon prehistoric times for an answer — that is, what are to us Amer- 
icans prehistoric times. 

In Europe, these dint-weapons would carry ns back to the mysteriooa 
nationalities which occupied the site of Troy before the Troy of Priatn 
and Hector existed, or to those unknown tribes which lived in Hebroa 
before tbe seed of Abraham had germinated in Palestine. With us, 
prehistoric times come down to a much more recent period. Anything 
previous to the permanent occupation of a region by the European races 
is with us x>rehi8toric, and west of the Hocky Monntains there are tribes 
still in the jtcolitkic stage of development, using just such flint arrow- 
beads and hatchets as 1 send you, to-diiy. 

The evidences tUat, relatively to the Booues and Bonelsons and Bob- 
ertsDiis who first settled these regions, the remains now nnder discus- 
sion are prehistoric, are as follows : 
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First. I bare had converaations with very old settlers — persons whose 
recollections extend baok fifty and evea sixty years, and they report that 
Qo Indian village existed in tbat locality or anywhere near Clarksville ; 
and not only so, but they apeak of conversations with the Indians, who, 
in their chitdhood, freqiieutly came here on hunting-expeditions, and 
tbat none of them knew of any tribe or bad any tradition of any who 
ever had any permanent residence either near this bnrial-place or in the 
region at all ; it was never within their knowledge anything but a hnnt- 
iug-ground. 

Secondly. In his first visit to Kentucky, Daniel Boone spent a whole 
winter encamped near the mouth of Red Biver, (a small afllaent of 
the Cumberland ;) in other words, on what is now the site of Clarks- 
ville ; and tbat during that winter he did not see a single Indian, the 
country being only visited for bunting- purposes in summer-time. 

This lust statement I have on the authority of my friend, Professor 
Stewart,' well known to your Institution. I have no means of verifying 
it by documents, though in Washington you have, I suppose, tbe means 
of doing ao in the National Library. 

Supposing, then, that I have rightly interpreted the facts so far before 
US, we are thrown back on all prehistoric times for the period of our vil- 
lagers existence, and have no means of determining whether it dates 
before or after the discovery of the American continents by the Euro- 
pean races. 

The small package. No. 8, contains an invaluable relic in reference 
to our cbronologicul difficulty. On examination you will find it to be 
a leaden bullet, completely covered with a bony accretion. This was 
found in close contact with the scapula of one of the exhumed skeletons. 
Tbe manner in which it is enveloped with bony matters convinces me that 
it was lodged in the shoulder long before tbe Indian's death, and carried 
there for years. This proves tbat the Indians iu question had relations, 
hostile at least, if not more intimate, with persons possessing fire-arms, 
and so brings down the antiquity of our village to a date subsequent to 
the appearance of the European races in tbe valley of the Mississippi. 

Tbe closest estimate, then, we can make of the period when the vil- 
lage existed from which these relics are derived, is that it was prior 
to the permanent settlement of this portion of the basin of the Cumber- 
land, and subsequent to tbe first visit of European races, which still 
leaves us a range open to conjecture extending from the middle of the 
seventeenth century to, say, the time of tbe revolutionary war— a range 
of from one hundred and twenty-five to one hundred and fifty years. 

This much premised, I would call your attention to some matters of 
detail in tbe relics to which this paper refers. 

Opening the packagesN'03.4and5,I think yon will he struck by agreat 
diversity iu the workmanship of tbe difl^rent articles. Thus, most of 
them are as roughly chipped out of the original flint as auytbing we 
know of in the rndeat paleolithic times, and others aie shaped with 
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fiomo artistic skill to a predetermiaed form. Oive yoar special attentJou 
to one article id package No. 5, wrapped in a aopfirate piece of newspa- 
per — probably the blade of a tomahawk. Yon will observe that it is 
ground down to a preconceived shape with a precision and Quiah which 
would do credit to a modern lapidary. I fa^e also giveo a separate 
eDvelo[>e to a curious implement made of a thin lamina of flint, in pack- 
age No. i. T am informed by persoas acqaainted with present Indian 
Qsages, that an exactly similar implement is now employed to scrape 
clean the inner surface of raw hiiles, prior to caring them for ase. 

Now, a few words abont the three crania. Those in the packages 1 
and 2 present the ordioary type of the Indian skull ; narrow, with n 
low facial angle, and with the progoatbous character very strongly 
marked in the facial bones — these characteristics being most pronounced 
in No. 2. Bat No. 3 rather puzzles me. The American Indian type is 
here much less pronounced, the facial angle higher, and the prognatbons 
type scarcely marked at all. In all respects it seems to approximate the 
Caucasian type. Yoa will also observe that the process of artificial 
flattening, so common among ludian tribes, has been applied to Nos. 1 
and 2 with complete saccess, the flattening of the occipnt being so great 
as to render the plane extending from the occipital condyles to the ver- 
tex absolately vertical. 

Now, on No. 3 this process has been very incompletely effected, having 
succeeded not at all on one side, and only imperfectly on the other. 

If I knew more than I do of the tribe whose remains we are studying, 
I think I should venture upon the conjecture that No. 3 is the cranium 
of a half-breed, which would imply a still more intimate association 
with the white race tbao that short and sharp interview suggested by 
the impacted bullet. 

Such as they are, however, the foregoing remarks are submitted to 
yonr riper judgment ; they have been considerably longer than I antici- 
pated when I commenced them, bat I think that some interesting 
problems are suggested by the relics, and could not resist the tempta- 
tion of attempting a solation. 

I shonld remark that, although a large number of entire skeletons 
was exhumed, I did not see much to be gained by sending you anything 
beyond the crania. The only thing really noticeable aboat them was 
their great thickness, especially that of the maxiliaries and the bones 
of the extremities ; some of the femurs, though evidently not those of 
tall men, would, in bulk and weight, largely surpass those of any white 
man I have seen. 

I forgot to state that the crania Nos. 1 and 2 are presented by Dr. W. 
T. Mclteynolds, of this place, who had obtained itossession of them be- 
fore my exploration. 



^d by Google 



BTHHOLOGY. d7o 

iNTlQVITlES OF BLOVIfT COENTt, TEXXESSEB. 

Bv Miss Ankie E. Law, ur Uoujstbr, Cil. 

Tbe relics sent were all fouod in tbe vicmity of a large monnd in 
Cfailhowee Valley, on the baoka of the Little Tennessee River, Dlonot 
CouDty, Tennessee, except the beads and axes, which were fonnd on 
Tellico Kirer, Monroe Connty, Tennessee. The moand in Cbilhowee 
Valley was partially washed away during a high tide. It contained 
seventeen skeletons baried in a sitting postare, surrounded by stoue 
Blabs, The mound was some twenty-flre feet in diameter, and the 
graves were in three tiers. With each had been buried water-jugs of 
crumbling pottery, beads, and stone implements. These had been car- 
ried off by relic-bnnters before I was there. Those I eot were plowed 
up afterward from sand-beds in the bottom-lauds, where the Strang 
current had carried them. 



IXTIQDITIES OF OBLBASS COVNTT, NBWIOBK. 
Bt Frank H. Cobqino, of Medi>-a,N. Y. 

Id the town of Shelby, Orleans Goanty, New York, about three miles 
Bonthwost from the village of Medina, are the remains of one of the most 
interesting ancient earthworks in tbe Stat«.* This work is situated 
at the summit of a slight and not abrupt elevation. It consists of two 
maral embankments, which are now about two feet in height parallel, 
and twelve feet distant &om ea«b other. They describe almost au ex- 
act circle, having a diameter of four hundred and thirty feet and an 
area of three and one-third acres. Two fences upon original " section- 
tines," running, one north and soath, the other east and west, divide this 
Inclosnre into four nearly equal parts or quadrants. Those portions of 
the work included in the northeastern and sooth western quadrants have 
for many years been ttnderooltivation,andthe embankments are nearly 
obliterated. The northwestern and southeastern portions are still cov- 
ered with forest-treea. lu these portions the walls are interrupted only 
by two sally-ports or openings for passage. These openings occur ot 
nearly opposite points in tbe circle. The passage through the outer 
wall is not in either exactly opposite to that through the inner. In one 
they are sixtean and in the other thirty feet apart. To avoid two la^ce 
bowlders of Niagara limestone, tiie inner wall at one point makes a slight 
deflection from its regular circular course. 

Upon these embaukments are standing trees and the stumps of trees 
that bad commenced their growth long before the Jesuit fathers had ex- 

■ This work hu pieviooslr been described id Eitalet'B Aborigin*! Monnmeiil* of 
Huw York, SuiltbeoniaD Cootribntions to Knonledgo, vol. II, 1651. 
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plored the region bow compriaiog WesterD New York. Traces of a moat 
vrhivh once encircled this work are stilt discernible at intervals. This 
moat is broad in proportion to its present depth, and in this respect ia 
not regular. It was probably made by the removal of earth .for the 
con^tructtoD of the walls, and perhaps it was tiot intended aa an addi- 
.tioDnl defense, though it mast to some extent have served as such. 

Three featnres presented by tbis work add much to its interest: 
first, it is almost exactly circular in form ; secondly, it consists of two 
parallel embankments; thirdly, the openings for passage are not oppo- 
site iu the two walls. These three pecnliarities distingaish this fh>m 
all other earthworks known east of Ohio. 

Ten rods south of this ^vork lies a peat-swamp, two miles in length 
"by one in breadth. This swamp is or has been corered by a heavy 
growth of black-asb timber. A vertical section of seven feet in tida 
swamp shows first the remains of trees to the depth of two feet, next 
below the remains of marsh-plants, gradually l>ecoming peat, which, as 
the deptli increases, changes in character and color from dark brown to 
light blue. At all depths in tbis peat are to be seen the remains of 
leaves evidently broaght by the winds from the forests of the sarronnd- 
ing higher land. Underlying this peat is a stratum from three to five 
inches in thickness, composed entirely of fresh- water shells, mostly ani- 
valves ; some of which are apparently species of PaKtadtna. BeueaUi 
tbiB stratum there occurs another, composed of blue clay, intermixed 
mtb. sand, containing occasionally the remains of shells, among which 
have been foand specimens of the fresh- water clam, ( Unto.) 

These facts lead to the conclnsiou that tbis peat-swamp was probably 
a shallow lake at the time when the works were constructed. This con- 
clnsion is also strengthened by the fact that there is no evidence of 
the existence of a permanent snpply of water elsewhere within a mile of 
the work. 

It is proper to state that the snpply of fish in this ancient lake was 
abundant ; replenished during the time of high water iu the spring 
of each year from Lake Ontario, thirteen miles distant, through Oak 
Orchard Creek, into which its outlet flows. 

West fh)m the work, at a distance of half a mile on the eastern slope 
oC a sand-hill, is a large "bone-pit," where the bones of many fanndreda 
have been deposited. It is said by "old settlers'' that those portionsof 
the work now included in the cultivated fields spoken of, originally pro- 
seated the same features now seen in those which the forest inclndes. 

Of coarse exaggerated stories are told of the relics which have been 
plowed up in these fields. Without doubt many which would be of 
great interest to an ethnologist have been found, kept for a while, and 
then given to the children as playthings by those who knew nothing of 
their value as relics. 

On making excavations in those portions still uncultivated, many 
Biraeimens ot great interest are foand. They nsnally lie from six to 
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eighteen inches lienenth the surface, often' imbcdtled in charcoid and 
ashes. They coosist of hammers, siukers, celta, stone ornaments, pipes, 
pottery ; aiso implements and ornaments of bone, such as bone splint- 
ers, awls, and needles, daggert) or dirks, cylindrical ear ornaments, 
implements for the ornamentation of pottery, perforated metatarsals, 
and perforated teeth. These bone implements are found in all stages 
of mannfactare, from the rade splinter to the groand and polished imple- 
ment or ornament. 

What was the original height of these works can now only be a 
matter of conjecture. It is probable, however, tbat the embankments 
were from four to five feet in height and surmoanted by palisades. 
Vegetable mold to tbe depth of six inches has avcumalated upon those 
points most elevated and exiM>sed to atmospheric action ; beneath this 
stratum the relics occur to the depth of eighteen inches. Tbe inference, 
therefore, is tbat since tbe work was abandoned time enough has elapsed 
for the accumulation of Ibis six iocbes of vegetable matter by tbe slow 
process of growth and deposit on dry land. It was inhabited or used 
long enough for twelve inches to accumulate. It was probably aban- 
doned when the lake was ao nearly filled that it ceased to afford either 
fish or a permanent supply of water. Since the time when timber com- 
menced t« grow at the surface of the lake, two feet of vegetable matter 
have accumulated. 



iltTIQniTIEB OF lA POKTB COU]fTT, IlfDIAKA. 

By E. S. Bodebtson, of Fort Wivnb, Induha. 

At Union Mills, La Porte County, is located one of the most remarka- 
ble groups of mounds to be found in Northern Indiana. 

Union Mills is a small village, with a beantifol location on the high 
table-lands between tbe great Kankakee Marsh and Lake Michigan, 
most of the village being on tbe east side of Mill Creek, which furnishes 
a fine water-power for tbe mill from which its name is derived, and 
which flows southwardly through a ravine some 40 or 50 feet below the 
nearly level plain on which most of the monnds are situated. To the 
soQthwest another ravine terminates this table-land, beyond which arc 
a series of ridges and levels gradually merging into the Kankakee Marsh, 
which is here, however, generally drained and cultivated. Along the 
brink of this ravine, ten (or rather five double) mounds hare been raised, 
of nearly uniform construction, and all evidently for places of sepultnre. 

Where the mounds are double, as all of this series are, tbe larger one 
is now about 10 feet in height, and its companion about one-tbird lower. 
The longitudinal diameter of the two is about 150 feet by from fiO to 70 feet 
across, and they are IW>m 50 to lUO feet apart. The small mound at each 
end of this series is thrown back nearly at right angles with the generul 
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\iae, as if there were an inteatioo on the part of the builders tA make 
these termiDal pointa for the groap. 

The first or nortberomoBt large moaad was almost eotireiy cat away 
some time ago in coDstrnctiDg the Peuinaalar Bailway, which rans 
directly through it ; and the third large one was aearly half cut away 
by the wagou-road, whose track here runs below the base of the mound. 
The next has been partially leveled and a farm-hoase built on ita 
truncated base. There are do depressions in the sarronnding snrface, 
showing that the materials, which in some are sand and others surface- 
loam, have been brought to the place from some other point 

Proceeding eastward to the bank of the creek, we find another moond, 
(So. 6,) which has been leveled to a terrace-form about 4 feet high, <hi 
which Mr. Flautgan'a house stands; and directly north, across an arm 
of the ravine, was another, (So. 7,) whose site is occupied by the house 
of Allen Uummings. Across the creek, nearly east of this, is a very 
large round tnmulua, (No. 8,} which is about 15 feet high, with a base 
of about 100 feet. One buudred feet north of this is another doable 
mound, (No. 9;) the smaller one of the group is in the yard of a church, 
aud the larger one just in rear of it. 

I could find no traces of fortifications, and there are no other mounds 
in the immediate vicinity, but I was informed that a large group exists 
on a rolling prairie about two miles east, of which a very large one was 
leveled several years ago. This is, perhaps, the same group examined 
. by Dr. Higday, of La Porte, some years since. 

My informant also states that about a mile south of Union Mills is a 
burial-place of the modem Indians, still known as " Indian Fields," 
from which bones, medals, kettles, guns, &c., have beeu obtained, while 
a half mile farther south, on a prairie overlooking the Kaukakee, is 
another group of seven or eight mounds. These different burial-places 
would, undoubtedly, prove of interest to the ethnologist, for a compari- 
son of the remains of the two races who practiced such different modes 
of burial. 

The greatest interest in these prehistoric remains centers in the fact that 
the crania of the mound-builder, as found in these tumuli, differ widely 
from those of any known race, approaching the Neanderthal skull in type, 
and being, perhaps, lower in development. The frontal bone recedes 
backward from a prominent snperciliary ridge, leaving so forehead, or 
rather the eye looks out from under the edge of a frontal plate, which 
reminds me of a turtle-shell and is scarcely more elevated. My speci- 
men is lower tbau the StimpsoD-mound skull, and even than the Nean- 
derthal, if we cau jndge correctly between the actual and the pictured 
skull. None have yet been found here with the skull or bones entire. 

In my examination of the group I concluded that the road cut through 
No. 3 had passed a little south of the center of the mound, and selecting 
the sloping bank of the roadway as the easiest point to excavate with 
favorable results, I was rewarded, after a few minutes' work with pick 
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and Bhovel, by finding sereral fiubes of ft white flinty stooe, and then 
some fragments of bone, after wbich the banda were the principal tools 
nsed to complete the work, lest I might Injure tbe decomposing remains. 

Tbe skeletons of two individnals were found, all in a confused heap, 
occupying a space leas than two feet square, except tbat the leg-bones 
were extended in different directions, perhaps a foot fitrtber, each way. 
The skulls had evidently folleu down apoa the other bones of the skel- 
etoD, and all had been crashed together by the falling earth. TUey bad 
evidently been buried in a sitting posture, back to back. While ex- 
huming them I coDcladed there were but two persons, but on a more 
critical examination I find some fragments of a lower jaw, which lead 
me to think there may have been three. 

Most of the bones had become as soft as tbe surrounding earth, and 
while I could see and follow their outlines it was impossible to remove 
them, except in fragments. One upper jaw was perfectly outlined in 
tbe earth, with tlie fbll row of teeth upward, but it crumbled to 
powder on attempting to remove it. The skulls were crushed and the 
lower fragments were iu the same state of comparative decomposition. 
I secured the right half of tbe frontal plate of one and the lower jaw 
nearly entire. The teeth were worn flat, indicating great age and hard 
food. Tbe molars and Ave incisors were perfect, but both canines and 
one incisor bad been lost and the bone had grown over and closed the 
cavities. I regret that these teeth have nearly disappeared in drying, 
falling to pieces like slaked lime. 

I also secared a fragment of the right frontal bone of another individ- 
ual, which I conctnde to be tbat of a female, from its difl'ereoce in form, 
and from the fact that the teeth in the fragments of the jaw found with 
it indicate mature age. The teeth are perfect and beautifully white 
vheu washed. 

Neither pottery nor weapons were found in this mound, but in the 
one through which tbe railroad was cut were found a stone pipe of 
beautiful workmanship, two awls of native copper, a large earthen 
jar coQtaiuing a black substance, and an earthen bowl, which are de- 
scribed as having handsome designs on tbe surface, but which were 
broken and lost, and ten spear and arrow heads, Ave of wliich I se- 
cured and have represented. They are of a white flinty stone, with a 
delicate cfaippiug, and are quite thin. The form is different from any 
of the hundred or more si>ecimetts in my cabinet, which are mostly 
" surface-flints." 

Since I was there I learn that there have been exhumed from the small 
mound on tbe railroad bank, (No. 1,) a copper hatchet, which, from the 
description, I conclude to be similar in form to tbe European bronze 
" celt," two more copper awls, or needles, and two jars of pottery, both 
broken. I have made arrangements to secure them. These remains, 
as near as I could determine, are found on or immediately below the 
original surface. The earth iu the mounds is as hiird and compact as 
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the Barrounding strata, iiDd immediately around t'lc skeletona is dis- 
colored. I dag tlirougli about liix iuehes of black loamy earth before 
coiniDg to the bones. They were found iu what was nearly the exact 
center of the moimd. 

At Hascall, n few miles west, I found a small ball of baked potter'sclay 
ia which poanded shells bad beeu mixed. It had been squeezed up by the 
liaud just as we see children form balls of doagh or putty. It is of the 
color of Philadelphia brick. What is remarkable about it is, that not- 
withstanding the lapse of time since it was baked it not only shows tbe 
marks of the fingers, but even tbe lines ofthe skin are clearly impressed 
on its surface. 

Some pbreuolo^sts would say that a race with foreheadslike those of 
this race had do brain capacity, and could bare no intelligence. Yet they 
fabricated and used tools and weapons, some of which are of flue work- 
manship. They understood the ceramic art, and that they had a religion 
no one can doubt who reflects that they erected such monuments to the 
memory of their dead chiefs, or showed such care for the safety and com- 
fort of their passage to the spiric-woild as exhibited in placing beside 
them jars of food and water, their pipes and weapons, and pertiaps by 
their sacrificing and burying with theratheirfavorite wives. Itisdifflualt 
on any other hypothesis to account for these facts. 



AITTIQUITIES OF ALLEX AND DE KALB COrifTIEB, IKDIAKA. 

By R. S. HoBitRTSOX, Foitr Waymc, Ind. 

I inclose by to-day's mail manuscript description of mound-remaina 
in Allen and De Kalb Counties, whjcb I hope may be considered worthy 
of a place in yonr report. I think it important to describe locations of 
monads as far as discovered, and when Northern Indiana is fully 
explored, it will prove rich in prehistoric remains. 

I have been careful to defer noting anything from reports, which are 
almost always much exaggerated, until I can verify them by personal 
examination. For instance, some ten days since I rode twelve miles in 
carriage and ten on horseback and return, to visit a fortification and 
mounds in the north part of Hnntiogton County, only to find a very 
large beaver-dam. As reported to me, it was said to inclose from 150 
to 200 acres. I found a beaver-dum, in zigzag Hoes, nearly 1,000 feet in 
length, and h^f a mile farther on two more, one about 300 and the other 
600 feet long. 

Since my paper coutaining a description of the location and contents 
of tbe mounds at Union Mills, I bnve received from there a copi>er 
implement 4^ inches long, 2^ inches broad at the cutting-end, and 1 
inch at the other, and | of an inch in thickness. It is slightly convex 
on one side, and hns api>arently been flattened by hammeriug. I class 
it among the hatchets of the "Age of Copper," although it has no groove 
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for tfac bandlfl. It was oxharued from one of the smalt monods of tbo 
group described by me, aud with it wiis a copper awl or needle 3 inches 
long, pointed oDiy at one end. Tbe same moand furnished fragments 
of two different veasets of pottery, one deep and narrow, with bands 
cut in chevron patterns upon the outside. The other was api)arently 
about the shape of the glazed earthen vessels used by our farmers for 
nilk-paus. The outside of this has been highly ornamented with cut 
and indented patterns, but the device cannot be made out from the 
fra^meut in my possession. Its inner surfeice has t>eeu smoothed by 
pressure, I think, upon a potter's wheel. Bones of a single skeleton 
were foaud iu this mound, but unfortunately no record was taken of 
any peculiarities. 

During the summer I have investigated the prehistoric remains of 
Alien aud De Kalb Counties as far as my opportnnities would allow. 
All that I have discovered thns far have been in the vicinity of the 
Saint Joseph Iliver, which flows from the northeast to the bead of the 
Manmee aud of one of its tributaries, Cedar Creek, which flows from 
the northwest into the Saint Joseph. I know of no mounds ou the Saint 
Joseph much above the mouth of Cedar Creek ; aud the greatest number 
are on the creek in De Kalb County and the northern part of Allen. 

Near Waterloo, in De Kalb Connty, R, W. McBride, esq,, an enthusi- 
astic archfeologist and collector, had excavated two mounds, finding 
in one the remains of a great number of human skeletons, apparently 
. buried in a promiscuous heap, and in the other, not far distant, a single 
skeleton. The bones were too much decayed for preservation. One of 
the skulls, he says, appeared to have been crushed by a blow.from a 
blunt instrument. He found no works of art, but in examining the 
rubbish afterward with him I found the batt-end of an arrow-head of 
flint and a small fragment of pottery. These two mounds are about 50 
feet apart, are about 30 feet iu diameter, and about i feet in height, 
and are situated on the high ground bordering a marsh, which has once 
been a small lake. The remains were laid on the surface of the ground, 
covered with eartb, aud fires built, which baked the earth and calcined 
some .of the bones. Quite a layer of charcoal and ashes was passed 
through in digging, and above this layer earth had again been heaped. 

From there wo went to Smithfleld Township, six miles northwest of 
Waterloo, where, on the farm of Mr. Buffner, is a circular earth -work 
about 600 feet in circumference, with two entrances opposite each other. 
The earth-work is from 2 to 2^ feet high, with a ditch outside. Very 
large trees, which grew on the embankment, have Allien aud gone to 
decay, and a black oak standing just inside the wall measured 12^ feet 
in circumference at a height of 6 feet from the gronud. The " fort " is 
situated iu the woods, ou a high piece of ground, which Is nearly snr- 
ronnded by ravines out by the action of two streams now nearly dry. 

We next went to the farm of Henry Gouzer, iu Fairfield Township, 
where a mouud once overlooked a small lake, which is gradually filling 
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fh»n the wash of the anrronndiDg hills. The mound is now nearly 
obliterated by coltivation. We were informed by Mr. Gouzer that 
it was 0[)eDed about tweuty years ago, when a skeleton was foaod 
the tbigh-bone of which was as long as bis leg, and th« skull as 
lurge as a half-bnshel measare. We dug a little below the surface, 
and foand a few bones, among which was a broken thigh-bone of Cbe 
ordinary size, thus destroying a myth which has been a belief of the 
credaloas of the neighborhood for twenty years, that "there were 
giants in those days," and that one was buried here. 

The nest day we visited a point five miles northeast of Waterloo, 
where there are several groups of monods. In tbe woods on Mr. 
Beyer's farm we found a mouud about 12 feet in diamet«r and 3 
feet high, composed entirely of large bowlders. It has been there ever 
since the settlement of the country. On removing the stones and dig- 
ging beneath, we found that the original soil had never been disturbed, 
and no remains were found. S^ear by in a cultivated field was anotlier 
' mouud of earth nearly obliterated by cultivation. Excavating it, we 
found numerous bits of charcoal, and several fragments of pottery, but 
DO human remains. A sort of treuch from side to side had been filled 
with what appeared to be dried swamp muck. Its outlines were quite 
Well defined in tbe sandy loam of the rest of the mound. 

On the adjoining farm of Mr. Taylor, afoont half a mile distant, wore 
two more moands. We dug into one of them, finding again charcoal 
and fragmeuts of pottery, but no human remains. Kone of these mounds 
are more than 3 feet high, and generally have a base of firom 20 to 30 
feet. All through this section many flints aud carved implements and 
ornaments of stone are found by the farmers. Some of them are per- 
forated, and nearly all are of the banded siliceous slate, which seems to 
have been so highly prized by tbe mound-bnildor. One found in this 
vicinity and now in my collection is represented in I'ig. 2. The hoy 
who found it described it as a " stone bayonet," aud his mistake seems 
quite natural when we look only to the shape of tbe ornament. It is 
intended to represent a long-billed aquatic fowl, and was probably wont 
asatotemic emblem on the head-dress of a prominent chief, to which it 
was attached by thongs passing through the holes drilled tu the ends. 
The tail is unfortunately broken off. Mr. McBride has several iu his 
collection, some of which are fair representations of birds. He has one 
almost precisely like Fig. 27 in Foster's Prehistoric Baces, and has also 
a /ac simile of the implement found at Danville, 111., represented in 
Fig. 28 of tbe same work. I have seen a number of articles carved 
from this ribboned state, some of which are shaped like a double-edged 
battle-a:c, but too slight for use. They all have a smooth, regular bole 
drilled through the center about § of an inch iu diameter, I con- 
clude they were carried as emblems of authority in processions ou 
state occasions. 
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We beurd of other rnonniJa in De Ealb Ooanty, bat had do time to 
visit tbem. 

lu Alleu Countf these remaios are uot so nameroaa, and tbere are 
none at all in the Boutbeni part of the couutj. 

On Cedar Creek, about ten miles north of Fort Wayue, is a groap 
of four mounds, near Stouer's Station, on the Fort Wayne, Jackson and 
Saginaw Bailroad. Two of them are in a line north and south, about 
40 feet apart. About fifteen rods east of these are two more, abont the 
same distance apart, on a line nearly east and west. Three of them had 
been opened yeais ago, and bones of a number of skeletons found in all. 
The fourth had never been disturbed, but an excavation disclosed no 
remains, ont many fragments of charcoal and bard-baked earth. I pro- 
cared in the vicinity a large stone ax and a spear-bead of large white 
flint, leaf-shaped, and about 6 inches in length, (Fig. 7,) besides a num- 
ber of smaller flints. These monnda are on the high ground at the junc- 
tion of Cedar and Willow Creeks. About foar miles south of these is a 
large, irregnlar-sbaped mound, about SO feet long by 20 in width. 
It is situated on the farm of Henry Wolford, whose fomily, being some- 
what superstitious, would only permit me to dig a small bole near the 
center of the nioand. About 2 feet from the sorface I foand an im- 
plement (Fig. 31) of ribboned slate, with a perforation near one end, of 
the class snpiKised by some to be a weaving shuttle, and by others an 
implement for gauging cords. Plenty of charcoal vas found to a depth of 
aboQt 4 feet. Below that (or a foot the earth was very hard, as if baked, 
until tbe original soil was reached. I found uo bones in this mound. 
There is no stream in the immediate vicinity, bnt a large marsh lies 
directly east of it. 

At Cedarville, on tbe Saint Joseph, near the montb of Cedar Creek, 
are three mounds abont 100 feet apart, situated in a line running north- 
west, parallel with tbe general direction of the river at this point. JSone 
of them have been opened, bnt one has been partially removed to mend 
the road, and charcoal was found mingled with the earth. 

Dewsendiug the Saint Joseph on tbe east side, to the farm of Peter 
ITotestine, one of tbe oldest settlers, we find a circnlar *' fort " in a bend 
of tbe river similar to the one in De Kalb County. It has been plowed 
over for nearly thirty years, but numerous fragments of pottery, flints, 
and stone implements are yet found in and aboat its site when newly 
plowed. Mr. H. J. Budisill, county auditor, has a large rode pipe of 
pottery from this place. The bowl and stem are in one piece, and the 
end of the stem, which is nearly an inch in diameter, has been flattened 
by the fingers while plastio for a mouthpiece. 

Still farther down the river, on tbe west side, opposite Antmp's Mill, 
is a semicircular "fort" with its ends on tbe river-bank. It is about 
600 feet in arc. The earth-work is yet abont 2 feet in beigUt, with a 
well-defined ditch on tbe outside. Very large trees which stood on the 
embankment have fallen and gone to decay. We found in tbe earth 
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wbich liad been Dptnrned by a fallen tree a fragmeDt from tbe neck of 
a vessel, witb square iudeDtations oa the surface, aud a fliat, flat on one 
side aud regularly cbipped to a coucave surface on the other. Still fa- 
ther down the river, at the month of Breckinridge Creek, Ib a single 
mound, which has not been opened, except a slight excavation, wbich 
developed the customary lumps of charcoal. This point is about foar 
miles north of fort Wayne, and is tbe most southerly point in the 
county at which monndsor earth- works are known to exist-. 

Still, on tbe ridges, implements and ornaments of tbe " stone age " 
and fragments of pottery are often found in many parts of the county, 
and many of these articles have a beauty of design aud a polish nn- 
kuown to the Indians who were found here on tbe advent of the whites. 
Some of the flints are beveled, and others seem to have been cut iu a 
winding form, probably for the same purpose as the beveled ones — to 
give a rotary movement to the weapon. They are of every variety of 
flints or cherts, and one I possess is a beautifully veined agate. Pro- 
fessor Foster criticises Longfellow's lines — 



and says, " Sandstone was never nsed by the mouud-buildei's as a mate- 
rial for arrow-heads." I have in my collection a broken arrow-bead 
cbipped from sandstone, which proves that Longfellow was right and 
bis critic wrong. 

Some of tbe stoue ornaments are of a material not found in this local- 
ity, except in a worked form. Tbe ribboned siliceous slate seemed to 
have been held in special estimation, and I have part of one which I 
presume to have been an emblem of authority. It differs from any I 
have seen flgnred. It is of a reddish-veined slate, and bad two perfo- 
rations for tbe handle, but is broken through both boles, the interme- 
diate piece being lost The holes are about | of an inch in diameter, 
regularly drilled. 

I send you with this rude drawings of other implements and weapons 
in my collection, which I bare selected as types of the relics of tbe 
stone age found in this vicinity, and wbich I hope may prove of inter- 
est. Tbey are all from this county, except those noted as from De Eiilb, 
They are drawn the exact size of tbe originals, and the flaking and 
chipping represented as exactly as my artistic skill, or rather want of 
it, will permit. 



AHTiQUlTIES OF JiCKBON COUXTI, TEVNESSBB. 

Br Rev. Joshua Hailr, op OAiNKaBOROOoH, Tekn. 

[CommnDicftted hj Jamee W. McHeiu;, of Ifaohville.] 

There is a mouud in this county, on the field of Mr. Philip M. Bay, 
about forty yards iu diameter and >t high, though lower at 
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present by several feet than it was forty years ago. This monnd has 
been only imperfectly examined, and nothing found l3eyond a vessel or 
two made of clay and slightly barued. No bodies have yet been foand 
in the monnd or around it. 

There are graves and a monnd on my place, which have been carefully 
examined. The mound is near the middle of a valley, on the east side 
of Flyun's Creek, about one hundred and twenty yards from the stream. 
It is about forty yards in diameter and at the present time over 8 feet 
above the general surface of the land. Surronnding the base of this 
mound were placed loose, rough stones, forming a wall of 4 or 6 feet 
high. I have made excavations into this mound, and in different parts 
of it found that it is entirely filled in every partwith graves just as close 
to one another as they conid be placed. They are found at the present 
time from 18 inches to 2 feet below the surface, where there are no 
washings ; this seems to bo their usual depth. The graves are not con- 
fined to the mound, for the surrounding valley, containing fifty acres or 
more, is filled with them as close as tbey can be placed. These groves 
are generally in an east-and-west direction, and sometimes facing the 
southeast, and occasionally, where the rock interfered with the position, 
they are found without regard to direction, compactness seeming to 
have been the leading idea. A great many of these graves have been 
opened. They vary from 18 inches to 5J feet in length, and sknlls, with 
the jaw-bones still fastened to them, have been found ; also ribs and 
leg-bones ; in short, all the solid bones of the human body, with little 
sign of decay. 

The manner of burying seemed to be as follows : The graves vary in 
width from 10 to IS inches j the coffins consist of slates, at the bottom 
of the grave, closely fitted together ; theu slate set upon the sides and 
At the ends, alt of the same height, of about 16 or 18 inches. These 
slates are generally in their rongh condition, and the bodies seem to 
have been deposited, and then one or two slates or other atones, smoothly 
dressed or polished, laid over them. The stones are closely fitted 
together where two are used, and, from the compactness, seem to have 
been united with cement. The ltd rests on the upright stones, and gen- 
erally projects over the sides 3 or 4 Inches. When these graves are 
opened, they are foand dry within, and generally contain some toys, 
consisting of small jugs, crocks, skillets, or other small vessels, made of 
olay, with the image of a man, eagle, or some other bird, evidently 
stamped on them while in a soft state. The vessels vary in size fhim 
the capacity of a pint to that of a gallon. They have been burned 
slightly, but in no case have any been found glased. There is at this 
time one of tbese vessels or jugs, at T. L. Settlers, in Oainesborough. 
Some of them have legs and handles. 

These graves were first discovered about fifty years ago, when the 
valley as well as the monnd were covered witlt a dense forest, composed 
of trees of a large size. A violent storm blew over some of the large 
trees, upturning the roote, and thus uncovered the graves 
26 8 
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Oontigaons to what may be called tbe valley of graves, od the wesc 
side of Flynn's Greek, is a low blaff, in nrhicb is a hole large enough to 
take in at its mouUi an ordinary-sized barrel, Tbia hole is the entrance 
to a cave nnder the liill, which has been explored to the distance of about 
300 feet. This cave ie high enough to allow walking in it erect, is 
qnite roomy, and perfectly dry. In it was found, in 1863, a chest or 
box, made of black-walnut plank 1| inches thick. Jt was about 2 feet 
long, 12 inches wide, and 16 inches deep, with a well-formed lid of the 
same wood. It was decayed on tbe outside with dry-rot to tbe depth 
of about 1 inch, and in some places the finger could be pushed 
through the wood ; in other places tbe material was sound inside, and 
showed that the chest had been neatly dressed with a plane or some 
other tool, and lined with clotb or some fine, soft substance. In it were 
found wrapped up, in about three yards of large-cbeoked gingham, a 
part of which was still sound, about twenty surgical instruments, con- 
sisting of a crooked knife, a crooked scissors, a lancet, and other articles 
of which I did not know the name. These instruments were not badly 
rusted, and in some places still quite bright ; they were made of fine 
steel, finely polished, with handles of tortoise-shell. Dr. U. T. Brown, 
who has since died, took charge of them, and perhaps bis family has 
some of them still. 

On the hill, some 200 yards high, which joins this valley, is found a 
pile of loose, rough stones, 5 or 6 feet high. It has not been opened, 
and therefore no information is to be given as to its contents. 

On the top of another hill, which joins tbe mound in P. U. Ray's field, 
aboat the same distance and beigbt from the mound, is a similar pile of 
loose stones, which has not beeu examined. 



iimQirittBS OF FEBBI C0UNTI, OHIO. 

ar W. ANDKnaoM, of Brownsvillb, Ohio. 

I send to tbe Institution some specimens of antiquities fh>m Peny 
County, Ohio. The mound from which they were obtained is 6 feet 
high, with a diameter of 26 feet. I found nothing until I reached the 
original surface of tbe ground, where there were ashes and cbarcoid. 
Two feet beneath these was the skeleton. The relics were deposited near 
its bead. Around the neck was a string of beads of sea-sbells. Near 
its rigbt hand was found a plano-convex stone with holes in it. There 
were also a large number of arrow-beads and stone axes with and with- 
out grooves. 

Tbe skeleton was in a poor state of preservation. I saved a few bones. 
Around the skeleton was a quantity of asb-colored soil like that of de- 
composed bark. I send a ^lecimen of each. 

., .iz...,CoogIc 
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IKTIQVITIBS or CBAKIES COUXTT, HiSTLlKO. 

Br OuvBR N. Bbvan, qf ManhaU Ball, Matyland. 

The following paper doea not proiwse to be an entire sommary of all 
the lodian relics in this connty, but only to present a list iu part of 
such as have been found upon my farm on the Pottmiac. opposite Mount 
Vemon, and of a few found upon the adjoining estates. What I propose 
is simply to give a glance at my own cabinet, which I hare been accu- 
mulating for the last ten or twelve years, a(id at a few specimens I, from 
time to time, have sent to the Smithsonian Institution. 

Borne t«n or twelve years ago I became interested iu gathering np, as 
opportunity offered, the stone arrow-heads, axes, &c., that happened to 
lie in my path, scarcely without knowing why I did so. At that time 
an interest in archaeology had not developed itself in my mind, but now, 
with a taste somewhat cultivated in that direction, and more sharply 
eyed by practice, I take great pleasure in gathering ap everything of 
the kind that falls under my observation bearing evidence that it can 
be referred to human ingenuity. I have become deeply interested iu 
the subject, and f^mestly desire to add my mite toward developing 
the history of the ancient people who lived upon the ground which I now 
call my own. 

Among the articles I have gathered in my walks are axes, hoes, arrow 
and spear points, scrai>ers, and lances of stone and boue, wampum and 
pottery, pipes, needles with two holes, mortars, sinkers, hammers, chisels, 
paint-material, bones (human and brute] from Indian graves, and speci- 
mens from muscle-shell heaps. I have also fonnd nxesof greenish jasper, 
of various shapes and sizes, one of which I sent to the Smithsonian Insti- 
tution ; fonnd about three mites from my house. It was double grooved 
and very long, and iu respect to the extra groove was nnlike any other 
that I ever saw. The arrow-points show a greater diversity of form and 
mineral than the axes or any other implement. I have them of quartz, 
jasper, agate, chalcedony, homstone, flint, lydian-stone, and a very rough 
one of a granitic character. They vary in length from } inch to 4 
inches. 

It is evident that the makers of arrows could not work the stone, by 
chipping, to any desired form, as is proved by the fact that no two points 
can be found exactly of the same shape and size in all re^eeU. Com- 
pare two of the same length and material and yon will find one more 
nmbilicated than the other, bases differently notehed, points not true 
with the base, and many other difTerent phases, which plainly show that 
thecbaracterof the mineral controlled the makers at least in part. This 
is not, however, the case with axes, pestles, or otber implements sub- 
mitted to a rubbing or grinding process. The makers of these had evi- 
dently a mechanical eye as good, as far as their range extended, as that 
of the mechauio of the present day. Kearly all the rubbed implements 
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have their proportions wroDght oat, on both sidea,- as trne to the design 
of the artist as could be done iu our day upon such work. 

Some of iny arrow-heads have their points bo crooked that one might 
fancy that they were intended to shoot around a corner. Besides arrow- 
points with bases to fib to the shaft, I have many without the projecting 
base, from one to three inches long; others with flat and thin bases, said 
to be war-implements, and to be let^ in the wound ; and some few almost 
triangular. These last are generally more perfect than the regular- 
pointed. 

The hatchets, so called, did not apparently answer the purpose of the 
modern instrument of the same name, aud, so far as I can see, were 
never nsed by the Indian iu that way. I have never seen one rubbed 
or worn, and this is true also of the axes. The latter were, in my opinion, 
used exclusively in war and in the chase. 

Pottery seems to have been very estensively used among the ancient 
inhabitants of this region ; some of very good quality, others very 
imperfect ; some baked doubtless in nets, other as certainly without neta. 
I have one piece which, from its curvature, iudicates a diameter of 17 
inches, others from that down to i inches ; none with ears or handles, 
but some with deflected rims. Some of the pottery has pounded chal- 
cedony mixed with the clay of which it is composed ; more, however, with- 
out it; another variety is worked out of soapstone or steatite. I have 
a number of pipes, one of clay, one of limestone, representing the human 
face and bead in good style, and another of steatite showing a tbx's 
bead, a most capital representation. There are hammers iu the col- 
lection, large and small, one weighing 8 pounds, S inches long, 6^ inches 
broad, 2 J inches thick. 

Mortars are found on my farm. A broken corn-mill was sent from it 
a year or so ago ; a medicioe-mortar was also presented to the Institu- 
tion. I have another, a paint-mortar, very unique, 4 inches long, and 2 
broad, with a cavity on both sides (top and bottom) for the thumb and 
fingers to hold the article while the party is painting hiuisi'lf. The 
corn-mill was found three miles from my house. 1 think it singular that 
among the articles I have found on my farm there has not been a single 
corn-mill, although I have found a piece of a very large pestle. I have, 
however, two other very small mortars, which I suppose must Jiave 
been for medicine or paint. 

I have gathered since I commenced roy collection, as stated above, 
everything that showed any trace of human art, consequently have 
quite a variety of unfinished pieces, some just begun, others more per- 
fect, showing at once the implement to be formed. One piece, for in- 
stance, of yellow quartz, 10 inches long, 6 broad, 27^ thick, weighs 6 
pounds, intended to be a spear; another quartz piece, cimeter shape, 
16 inches long, 3^ inches broad, 2J inches thick, weighs OJ ponpds, 
seems to be for a war-club, having a "handle sufiBciently developed for 
that purpose. There are also a variety of net-sinkers, very rough, of 
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cobble-Btooes ; needles, one of stoue, 1} inches long, ^ inch mde, -^ 
inch thick, with hole and DOteh in one end; auotber, of horn, 7 inches 
long, i inch \Fide, very thin; a third, of booe, iiu inch long, of cylin- 
drical form, constrncted from the rib of some very small animal. 

Wampum.-~Tbete are in my collection ten pieces of a bead, Dine of 
shells, one of etone ; another of shell, 4 inches lonpf, J inch thick. This 
last shovs that the Indiana must have had some commnnication with 
the ocean, as do shell now found in the river or bay would make snch a 
bead. These wampum were takeo from an Indian grave ui>oa Fiticata- 
way Greek. There are doubtless graves in this neighborhood, but as 
yet I have not been able to flod them. I heard, a few days ago, of some 
graves washed out, about fifteen miles below me, which I shall visit. 

We have near my place several small " shell- heaps " of muscle-shells, 
Complinatiu, nearly all weathered out, from which I have obtained 
Bpecimens of pottery and bones of such animals as the ancient people 
ate. One remarkable bone was submitted to Professor Cope, which 
was pronounced by him to be the tarsus metatarsus of some large 
water-fowl, but I have examined all the skeletons of that class in the 
Smithsonian museum without finding anything like it. It might seem 
at first that the Indians here were driven from necessity to eat muscles, 
but from experiment 1 think otherwise. I have tried this mollusk, and 
find it, when well cooked, quite a savory dish, as good, to my taste, as 
common oysters. 

We have also in this region and also in Saint Mary's the trnc oyster- 
shell heaps ; one at Pope's Creek, covering thirty acres from oite to six 
feet deep. Oyster-shell heaps abound upon the Wycomico Itiver, aud 
there are several in Saint Mary's County, upon the Potomac, the Wy- 
comico, and Patuxent Rivers, and apon the bay. No ethnologist, so 
£ar as I know, has ever visited these localities. Although, near as they 
are to me, I have not yet visited them, intending to do so, I have been 
prevented by the constant recurring duties of the farm. 



ANTUtCITlEB OF STAXIiI AIID MONTflOHERT COUNTIES, VOBTH CiBOIIKA. 

Bt F. J. KsOK, qf AlbemarU, N. C. 

1 forward to the Institution, from Salisbury, N. 0., by express, a 
small box containing some antiquities collected in this part of North 
Ca^liua, (the counties of Stanly aud Montgomery,) on both sides of 
the river called Yadkin above and Pedee below the mouth of the 
Uharree Biver, on aa area which may be embraced at a glance from 
the accompanying sketch, rough to be sure, but the bearings and dis- 
taniieB of which are very nearly.tme. 

From the vestiges left here by the lodiaus it mast have been 
a place. much fii^queuted by them. They have now all disappeared 
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from abont here. Some fifty years ago, however, bands of ten or more 
were fraqneiitly met with on their way to Fayetteville, armed with bows 
and arrows, and ready for a reward to display their dexterity in hitting, 
before it oame down, a piece of coin tossed up in the air. 

Implements of war or the chase, broken pots, bnmed stones, where Ares 
had been made, and arrow-heads chipped from minerals, are met with id 
all directions, in the bottoms along tbe river, and on the billa within a 
mile or so of the numerons fisbing-stands along the banlcaof the stream. 
Between the month of Uharreeand IslandCreek, on the river-bottom, large 
spaces are covered with chips and blochs of chert from which pieces had 
been taken. The lands being all made by successive deposits from the 
stream, the remains are found from tbe surface down to the old bed of 
the river, to the depth of about four feet. Broken pots, of various ma- 
terial and ornamentation, can be picked up. Among those sent to the 
Institution will be found one heavy specimen of soapstoue, a mineral 
not found in this neigbborhood. Borne years ago, a whole pot was 
washed np during a freshet, but tbe vessel, which was of about two gal- 
lons' capacity, and gourd-shaped, unfortunately fell into tbe hands of 
children, was broken, and only a few fragments saved. 

Immediately below the mouth of Uharree Itiver, across the Pedee, 
when the waters are low, there can yet be seen the greater part of a 
stone ford, in tbe form of a zigzag rail-fence. In 1829 it was still entire, 
and could be used for passing over the stream; bat the stones have 
since been removed fVom both extremities for tbe building of fish -dams. 
What remains, however, indicates the sound engineering notions of the 
builders when they traced their path along a course the angles of which 
would divide tbe force of tbe stream. 

No moands nor vestiges of other permanent works are to be fonnd. 
What remains seems to have been left on a vast camping-ground during 
the shad-fishing season, which in those days must have yieldeil a pro- 
digious number of fish ; for, not fifty years back, more shad could yet 
be caught than could be cured by the flsbennen. Not so, however, now. 
Oame must also have been an attraction, for the wild approaches of the 
river are, even now, much visited by buuting-parties of the white race. 



ilVTlitClTIKS OF FLORIDl. 

Bv AcouBTUB Mitchell, M. D., of Saint Mari/'g, Georgia. 

While in the South during the winter of 1848, pnrsning the study 
and collecting specimens of ornithology, I was impelled by curiosity to 
examine a mound of a moderate size sitnatcd on the southern portion of 
Amelia Island, Florida, being kindly furnished with colored laborers, 
and aided by Dr. K. Harrison. 

This mound was abont \a t^et in height, and 30 feet in diameter at 
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tbe base, flatteoed and worn by attrition for ages; there baviug been 
two growths of live-oak apon it, as stated by au old Spanish inhabitant 
of tbe place. The soil composing the monnd was of a light sandy, yel- 
lowish loam. 

We commenced the examination by cattinga trench 4 feet wide directly 
through the center, from the apex to the base, an<l then another trench 
at right angles to the former. The excavation revealed a number of 
relics, and the mode of burial of the mound-builders. They must have 
commenced by digging into the snrface of the ground about 2 feet; 
then, partially filling the excavation with oyster-shells, they placed their 
dead ou these in a sitting posture, their legs bent under them, with their 
faces to the east, and their arms crossed upon the breast, and next 
spread over them a stratum of earth. It is evident that in the suuces- 
sive burials the earth was reopened, and the additional bodies were 
placed close either to the back or side of those which had been previ- 
ously interred, until the whole of the first layer was complete ; then tbe 
circamference of the mound was walled in by a compost of marsh-mnd ; 
and then another layer of oyster-shells was placed over the heads of the 
first layer of bodies, and a continuation of the mud wall, until the 
saperincnmbent layer completed the monnd to its apex. 

Fnll three centaries must have rolled their tempests over this aborig- 
inal repository of the dead. I quite expected to find everything like 
mortal remaius returned to dust. But in this I was in error, as throagh- 
ont the monnd parts or complete portions of the bony stmcture still 
remained ; those on the sonthern or sunny side being in a more perfect 
state of preservation. Counting the remains existing in the difierent 
layers of this ancient tnmulos, it mnst have contained about four hun- 
dred individaals. 

As we proceeded with our work, the interior of the mound presented 
many objects of interest to the ethnologist. We could not, however, 
secnre many of these, since they crumbled, except tbe teeth, to dost as 
soon as exposed to tbe air. I had therefore to study them mostly iu 
the earth, carefully scraping it away with a knife. 

The conformation of the crania found in this monnd appears to differ 
somewhat from that of the present Indians ; tbe facial angle less, 
with superior depth of the frontal region, and greater capacity for the 
aDt«rior lobes of the brain ; the outer surface of the skull somewhat 
oval, smooth, and regular; frontal sinuses large; high cheek-bones; 
ea\-ity of the antrum large; orbital cavity of the eye deep and large; 
occipital protuberance very large, with a great development of the 
. organs of philoprogenitiveness ; superior depth of the base of the inte- 
rior maxillary bone; rough serratures and deep depressions for tbe 
attachments of powerful muscles of that bone. 

The t«eth of many of the crania of this mound were, without ex- 
ceptions, in a i>eFfect state of preservation, the vitrified enamel of 
these organs being capable of resisting exposure for centuries. These 
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teeth preseDted distiactive appearances throughout, iu tiie absence of 
the pointed cauioes ; the incisors, canine, cnspides, and bicuspides all 
presented fiat crowns, worn to smoothness by the attrition of sand and 
ashes eaten with the balf-cooked food. A bi-section of some of these 
teeth showed the dental nerve to be protected by an unusnal thickness 
on the enrface of the crown. Not one carious tooth was found among 
the hundreds in the mouDd. Many were entire in the lower jaw,-the 
whole compactly end firmly set. In some the second set was observed ; 
while one jaw had evident signs of a third set, a nucleus of a tooth being 
seen beneath the neck of a tooth of a very old jaw, whose alveolar pro- 
cess was gone, and the whole lower jaw ossified to a sharp edge; none 
showing the partial loss of teeth by caries and decay. 

Some of the skulls showed evident marks of death by violence, as 
from the hands of the enemy in war. In one instance the fiint arrow- 
head was seen sticking in the left i>arietal bone. A number of skuUs 
were broken in, mostly at the vertex, seemingly by that rude weapon, 
the stone battle-ax, which was so effective on the skulls of the Spaniards 
in the early periods of their settlement of Florida. It is evident that 
sanguinary confiicts often took place between tribes of the mainland, 
in tbeir disputations for those enviable islands of the sea-coast, abonnd- 
ing then in spontaneous productions and surrounded by fish and oysters. 
No remains of these, much below adnlC age, were found ; the weak and 
slender frame had returned to dust. All that could be traced of their 
mortality was a carbonized deposit in the clean sand, with here and 
there a small fragment of bone. 

Pursuing my investigations, and excavating farther toward the south- 
east fitce of the mound, I came upon the largest-sized stone ax I have ever 
seen or that had ever been found in that section of the country. Close 
to it was the largest and most perfect cranium of the mouud, not crnshed 
by the pressure of the earth, complete iu its form, quite dry, and nOiSand 
in its cavity ; together with its inferior maxillary bone, witli all the tcetb 
in the upper and lower jaws. Near by the side of this skull were the 
right femoris, the tibia, the humeros, ulna, and part of the radins, with 
a portion of the pelvis directly under the skull. All of the other bones 
of this large skeleton were completely or partially decayed. Contiguous 
to this was nearly a quart of red ocher, and quite the same quantity of 
what seemed to be pnlverized charcoal, as materials of war-paint. 
Anticipating a perfect specimen in this skull, I was doomed to disap- 
pointment ; for, after taking it out of the earth and setting it up, so that 
I conld view the fieshless face of this gigantic savage, iu the space of 
two honrs it crnmbled to pieces, except small portions. According to 
the measurement of the bones of this skeleton, its height must have 
been qidte 7 feet. 

There were three distinct rude ornaments in this mound. First, the 
vertebne of a fish, painted with red ocher, and well preserved. Second, 
an hexagonal bead, made from the tooth of the alligator, (not painted.) 
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Tliird, tbe inCernal latnina of an oyster-shell, cat ioto small circular 
spangles, pierced with a hole in the center, and threaded with the fibrillie 
of the tendon of some animal, closely strung, and painted with red 
ofher. 

Ooal was freely difTused throughout the mound, which cont^ued but 
little pottery. Two stone hatehets were found, and a small stone as, in 
addition to the large one described. This instrument bore evident marks 
of fire. 

There is one large mound on the eastern end of Amelia Island, Florida, 
and two mounds on tbe central portion of Cumberland Island, Georgia, 
likewise most of the islands on that coast, from which could be obtained 
large collections of materials for tbe advancement of ethnological 



ANTlitlJlTIES OF FIOBIDA. 

[Extract from the journal of John Bartiau, of Pbiladelphia. Loudon, 1TG9.] 
" About DOOD [25th January, 176C] we landed at Mount Royal and 
went to an Indian tumulns, which was about 100 yards in diauierer, 
nearly round, and near 20 feet high. Found some bones scattered on it. 
It must be very ancient, as live-oaks are growing upon it 3 feet in diam- 
eter. What a prodigious multitude of Indians must have labored to 
raise it, to what height we cannot say, as it must have settled much in 
such a number of years; and it is surprising where they brought the 
sand from, and how, as they had nothing but baskets or bowls to carry 
it in. There seems to be a little hollow near the adjacent level on one 
side, though not likely to raise such a tumulus the fiftieth part of what 
it is J but directly north from the tumulns is a floe straight avenue about 
&i yards broad, all tbe surface of which has been taken off and thrown 
on each side, which makes a bank of about a rood wide and a foot high, 
more or leas, as the nnevenness of the ground required, for the avenne 
is as level as a floor fixim bank to bank,and continues so for about three- 
quarters of a mile to a pond of about one hundred yards broad and one 
hundred and fifty long, north and south, seemed to be an oblong square, 
and its banks four feet perpendicular, gradually sloping every way to the 
water, the depth of which we could not say, but do not imagine it deep, as 
the grass grows all over it; by its regularity it seems to be artificial; if so, 
perhaps the sand was carried from hence to raise tbe tumulns, as the 
one directly faces the other at eacb end of the avenue. On the south 
side of the tumulus I found a very large rattlesnake sunning himself; 
I suppose this to be his winter-quarters. Here had formerly been a large 
Indiau town. I suppose there are fifty acres of planting ground cleared, 
and of middling soil, a good part of which is mixed with small shells; 
no doubt this large tnmulns was their burying-place or sepulcher. 
Whether the Florida Indians buried the bones after the fiesb was rotted 
off tbem, as the present southern Indians do, I cannot say." 
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